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RECORDS

THE GEOLOGICAL SURVEY OF INDIA.

Part 1.] 1892. [Febraary.

Annual Report of the Geological Survey of India, and of the
Geological Museum, Calcutta, for the year 1891.

-vThe year commenced with the following disposal of the officers of the

Survey :—Mr. Foote in the Cuddapah district of Madras ; Mr. H^ughes, with Dr.

Warth, at the tin exploitation in Tenasserim ; Mr. Griesbach proceeding to join the

Miranzai Expedition on the North West Frontier; Mr. Oldham, with Syb-

Assrstants Hira Lai and Kishen Singh, at coal and oil in Baluchistan ; Mr. Bose at

coal and copper in the Darjiling District and Sikkhim
;
Dr. Noetling at coal and

the demarcation of oil-fields in Upper Burma ;
Mr. Middlemiss at coal in Hazara,

but about to be attached as Geologist with the Black Mountain ^Expedition
; Mr.

La'Fouche at the exploitation of the Daltongunj coal-field in Bengal
; and Mr. Datta

at coal in Assam.

Mr. Holland continued at head-quarters in charge of the Museum and Labora-

tory, in which last, besides the proper reseaich wbrk, considerable, endeavour was
made to guide the abnormally speculative rush at a development of the gold con-

ditions of Chota Nagpur by nun^erous assays of reasonably authenticated samples
of quartz and other rocks sent to us for determination.

It will thus be seen that the main force of the Department was devoted to economic*

mineral exploration ;
though, as the last volume of the published records will show,

geological investigation was Iftept, as much as possible, in parallel working.
S

• * PENINSULAR INDIA.

Madras Presidency.—Mr. Foote’s retirement from the service at the end of

September last has, for a season at least, closed the survey of the great metalliferous

series (Dharwars) of Sou^liern India; still, it is eminently satisfactory that, from an
’

economic research point of view, my esteemed* colleague

tractsfinished.
^

*^*^*^. closed his career after a thorough localization of all the

important areas of gold and iron occurrence or .produc-
tion in Madras.

The southerly extension of the Dharwars over the western division of the Cud-
dapah district was surveyed during the field season, without, however, any farther

finds having been made of auriferous traces in that^irection.
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Just towards the end of the season, and ip connection with his visit to the

boring for artesian water now being carried out by the Key. Supeiigr of the

Monastery at Place's Gardens, Kilacheri, Chingleput district, Mr. Foote recognized

indications in the debris fron^ the borecole, which point to no les% an important

contingency than the existence of a coal-field within 3o*iiiiles

coal-fieUirncar
of Madras. Hitherto,we have only been able.to recognize

members of the upper division of the Gondwana series in

the country south of the Kislna river, though* Mr. Foote has all along suspected

that a representative of the lower division, or propbr coal-bearing series, might

underlie the broad alluvial tract of the old Palar river. The boring has now
disclosed the fact that the known strata of the locality, which show no trace of

^ carbgn, are undeilaid by black caibonaceous and bituminous clays, with associated

grits and sandstones. So remarkable a difieience between the two sets of stiata

can barely be considered as other than indicating a veiy decided variation of the

circumstances and conditions of formation of the upper jroup from those prevailing

during the deposition of the lower one—which circumstances and conditions, Mr.

Foote is led to infer resembled those prevailing in the Lower Gondwana times of the

noithern part of the peninsula; or, in other words, that there is here hitmen

away below th^ Sripermatur beds of Madras a representative of the Indian coal-

measures.

^ It is understood thaf ejcploration, grounded on Mr. Foote's reading of the evi-

dence brought to ligh#,ris about to be instituted under private enterprise, which, as

h^ still remains in India as State Geologist to the Baroda Government, will have

the advantage of his watchful advice in its progress. So far, the original boring,

has reached a depth of 307 feet, and is still in bituminous shale for 25 feet.

Dr. Warth, on transfer from Burma, in August last, was appointed Officiating

Superintendent of the Madras Museum ; and during his tenure of that office he

will keep up a continuance of mineral economic enquiry for the Madras Govern-

ment until the^proper geologicai survey*cin be resumed. He has already in this

... line visited the steatite mines*of Betumcheila, in the Kurnool
Kurnool steatite.

dij^trictt in company with me
; and the mica mines in the

Nfllore district with Mr. Holland. The steatite mines which had been decided

on by us, and* later on by experts in London, a^ yielding the best stone for the

manufacture there of gas-burners, had been repoited b)f the local officials as in-

capable of yielding blocks of the required sample cube. We found that the thick-

nesses of the beds are, as a rule, too small to allow ol 6-mch cubes; but as there

was some cause foe assuming that the limit of cube land down may have been

settled at random, considering the small size of the gas-burners, it is possible that

the 3 to 4-iuch thickness of the bulpum " beds may not, after trial of the stone

Bent to England, retard the development of this industrjr. In ^ny case, a better

system ofcoining than the grabbing work carried on at present will have to be

adopted before satisfactory production*can be relied ^on. The opening up of the

mi^a industry at fhakurti, in the Nellone district, is of the

ment!*^'^**'*^^^^**^***
’ greatest importance and interest, as being, T understand,

« entirely the work of a private explorer and prospector,

Mn and because, where I, in my survey of the district some twenty

years agOt only saw ct^rse and. irfegulao crystalline masses of the mineral, thp



PART I.] Annual Report. 3

largest of which were 4 inches across, the new excavations have yielded great

crystals, beautifully clear and without flaws, measuring 2 to 3 fe'et in diameter and
thickness. Additional interest is also attached to this development, as Mr. Holland,

in hie inspection of the associated rocks, fomid a splendid specimen of apqiite^ which,

if hisidetermination prove correct, is most important, considering the scarcity of that

mineral and the rareness of phosphatic sources in India.

. • •

Bengal PaESiDENdV.—The result of Mr. La Touche's exapiination of the

Daltongunj coal-field by survey and by selection of sites for boring, some of which

he carried out himself, is, that I have had to condemn the field in so far- as its

capabilities were expected to warrant the construction of a railway from Daltongunj

Daltongunj coal-field
Mogulsarai, the initial object of which was the supplying

exploration: unfavour- of coal of a superior quality over the system of railways
able results.

beyond the latter junction station Mr. La Touche's report

was published in Part 3 of tj;ie year’s Records ; but on it I had already summarized

as follows, under date the 26th June :

—

“,(a) The Daltongunj coal-field has an area of about 30 square miles
;
its strata of sandstone

and allied rocks, with seams of coal or carbonaceous shale, are lying in tolerably

easy undulations or rolls, although they are at the same time veryjnuch cut into and
worn aw.iy by denudation. ,

*'(6) Practically and for all purposes of^stimation as to the vsJucfof the field, there are only

• two seams of coal worthy of consideration.

**(<?) The first or upper seam of coa^ is vc!-y*variable in thickness (from 1' 6" to 7' 6"), so

much so indeed that any estimate formed as to the total quantity of coal contained

within the area of the borings (and these were selected on the, best ground) would
be unreliable. The coal of this seam is generally very shaly

;
this appears to be the

seam which was worked by Messrs, Hodges and Radford at Singra; it may be
called the ^ingra seam.

**(d) The second or lower seam is also very variable, but is generally thicker than the first,

running (with variations) from 29 ^ej^t to 6 fe^t in its best development. This is

the seam in which the pjts belonging to the Bengal Coal Compai|y were formerly

worked : it may be called the Pundua seam. It jp even difficult here to form a fair

estimate of the quantity^of coal
;
but assuming that the thickness of coal in this

seam, over an area of one square mile east of Rajhera, is 9 feet, Mr. La Touche

reckons that it would furnish a total quantity in round numbers of«9,ooo,ooo tons

Here also the coal^s often very shaly.

**(^) The more promising bo«ng samples of coal give poor assays : they show, in fact, that

the coal is of an infer^r kind. (Mr. La Touche does indeed suggest that a fairer

estimate of the cqnstitution of the coal should be obtained by trial in bulk) but, as

will be .seen later oa, I question the worth of such a trial.)
*

"(/) The evidence obtained of lower seams than the Pundua seam does not appear to

justify any expectation of better coal on a large scale.

Comparing thjese results with the previous estimate of Dr. Saise, of a total quantity of

not less than 161,377,000 tonf of coal containing 117 per cent, of ash, and the original esti«

mates of Mr. Theo. Hughes of the Geological SuArey, ii,6oe,OM tons of available coal

with, say, 10 to 13 per cent, of ash
;
and considering that Messrs. Jlughes and La Touche are

experts in the redbgnition of strata associated with coal seams ip the Indian aoal-mqiasurea «

and at following these up or in reasoning as to how they may be expected to continue undsr*

groundi } hayjfe^ter caifeful consideration of the evidences, formed the followlhg conclusion.

** I thinhifts boring exploitation may be taken as conclusive, regarding ^he inadequacy

of the Daltongunj coal-field for meeting the Remand required for the proposed' railway ;

although itoffers every prospect of meeting local and not very distant demands for fuel,

• A 2
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Neither the estimated available tonnage, nor thd quality of the coal, have been found to

improve on those originally ascertained by Mr. Hughes; although I had all along^hoped that

more detailed examinations and borings might have shown th^t he too prone to keep his

estimates very well within reasonable probabilities. Mr. La Touche’s estimate is, of course,

only made on a good area of meciium thickn^ coal
;
but although it could b^ easily run bp to

that of Mr. Hughes, I regret that the data before the Geological Survey do not just*ify our

venturing anywhere near Dr. Seine’s so much more favourable estimate. •

** Mr. La .Touche’s boring assays are certainly very depressing in their ash percentage

:

but as i myself have had considerable experience in the Qhhattisgarh fields, which, in many
respects are like thfs Daltongunj tract, whei;e the boring samples, notwithstanding my fears qf

their being mixed with shale, did after all give assays ^hich differed very little from the assays

of the coal from trial pits; I therefore do not think that testing in bulk, as suggested by Mr.

La Touche, would show any very appreciable improvement in the power of the coal.”
*

•

Th6 Darjiling coal exploration was continued to the west of the Lisu-Ramthi area

surveyed by Mr. Bose during the previous year. The entire Lower Gondwana or

Damuda area between Pankhabari and the Tista wasi examined in some detail,

and special attention was paid to the ground just by the Tista Valley cart-road,

but the excavations disclosed no promising seams : thus the question of the probable

existence of workable seams in'this particular area may now be considered as settled.

^ The well-known Tindaria outcrops on the Darjiling Railway

finished.*”^

survey
reported on years ago by Mr.

« Mallet, though not without considerable doubt as to^ their

Ultimate successful dtei^elopment. Mr. Bose does not offer any more encouraging

dSta : indeed he seems to imply that the condition of the coal itself and its mode

of occurrence are. even more against the working of it than Mr. Mallet was inclined

to argue.

Opportunity offering, at the clos^ of this coal expk)ration, for some further exa-

mination of the copper occurrences in Sikkhim, Mr, Bose was posted to this work.

He examined sixteen ore localities : only two of these were being worked at the

time of his visit, the abandonment of six other places being attributable to the ina-

bility of the minfcrs to deal wkh the influx of water after excavating only to a very

moderate depth. Nine ore localities are describeckas not having been tried at all.

' Copper occtwrences in
burrowings, at Tuk, Bhotang, Ratho

Sikkhim ; fairly promts- and Pachi, appear to be certainly the most promising in all

Sikkhim. Mr. Bose thinks jhat deep mining on modern

methods is likely to yield a very fair^i return at Pachil^arii and Rathokhani, where

the miners are ^now at work
;
and even at the abandon^ workings at Tukkhani

and Bhotangkhani. It is, of course, questionable whether development in such a

distant region, under European enterprise and management, would be a success

;

but there seems little doubt that a surer prospect of paying return may be antici-

Ijated under a more economical and smaller staff of. western* management and

labour tbh.n is usually considered necessary in Indjan i^iining ventures, supplemented

by reliable trained coUntyy labour. I am the more earnest on this point, considering

how admirably and successfully such # system was being followed out by Ritter

von Schwartz duringjbis management of the Government Iron Works at Barrakar;

wUlO 1 beti^ Sal$e,of the East Indian Railway Co’s, coal-fields at Kurhur-

of the adaptability of country labour to

> dioiie l^s^n'sible wor ^
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Be this as it may, Mr. Bose writes of the four ore localities mentioned above, that

Pachikhani appeared to him the most promising, as the existence of at least one rich

deposit is known, anti that.it ought to be tried first in case Sikkhim should attract

minijig enterprise. A sample, taken at ran^m from the deposit mentioned, yielded

31 pe# cent of copper; and from what the miners told him, the average yield from

the entire mjne is about 12 per cent., or 5 seers of copper from one maund of ore.

1 ukkhani, }^e thinks, would be a v^ry favourable .place for trial after Pachikhani.

Mr. Bose’s reports on- the Continuation of the Darjiling Coal Exploration, aYid on

tjie Geology and Mineral Resources of Sikkhim were published in the fouith part of

the year’s volume of the Records. •

•

EXTRA-PENINSULAR INDIA.

Assam.—Renewed enquiry having been made by the Chief Commissioner of Assam
concerning the coal occurrences in the Garo Hills ;—and notwithstanding that these

places had been visited many years ago, in the first instance, by Mr. Medlicott,

and later still by Mr. La I'ouche, I thought it advisable on several grounds to

post. Mr. Dana at this work. His attention was first given to the coal indica-

Renewed surve of
North-West Frontier, in the Goalpara district,

Garo”*Hmg comT no close to Singmari on the old Bramaputra, In 1868
better resuUs at Goal- Mr. Medlicott reported that ‘‘the pxisten’ce ofp. fair seam
para and Rongrengiri.

useful coal at Siju was confirmed, the then value of it

being questionable on account of ^difficulty of access from the plains, across some

^10 miles of low, rugged, hills. Of all the known outcrops at Mirampara and Cham-

pagiri, a most unfavourable account had to be given : the deposit was indeed the

same as at Siju, and more favourably circumstanced for working, the measures

being quite horizontal, and cl«se to the surface, but the seam contained only a few

irregular little strings of coal in a thick bed of clay, resting almost directly upon a

platform of gneissic rocks. 1 he only apparent usgful coal there lay in a possible

development of the deposit qp the same horizon to the deep of the formation in

its main basin, on the south of the barrier of crystalline rocks
; an*d I suggested that

this point might be determined 4)y a boring in the neighbourhood of Harigaon.”

This report of Mr. Medlicott would, on the face of its'being the rqsult of so

perienced an observer's survey, appear to be a sufficiently exhaustive expression of

the poor look-out of the fieU except in the direction of Siju ; but the now increasing

tendency of certain firms ^f th^ mercantileJeommunity of Calcutta to utilize coal

areas adjacent to theit* planting properties in Assam, seemed ^o demand such

further evidence as could*be obtained, especially with regard to this region, and

again on the higher country in the neighbourhood of Tura. As was to be expected,

Mr. Datta's examination t)f the first tract only resulted in some further information

as to the geological fomations and the finding of. more outcrops of the same thin

coals or carbonaceous shaleg. .
•

In the Rongrengiri field, he had again to go over grquiid concerning which Mr.

Medlicott hadVritten as follows :
—“ Some miles up the valley of the Semsang to the*

west, there is another considerable basin of the coaLmeasure rocl^s, occupying the

valley above and below the Rongrengiri outpost for a direct distance of seven miles.

Locally it is five miles wide. I could nowhere find an outcrop of the coal within

this area ; but there are stratigraphical features sifj^gesting that it may exist within
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the basin at greater depths than the present surface/^ At a very much later date, Mr.

La Touche failed tor discover cOal seams of any practical value, though he noticed

a seam of good coal, one foot thick in a hill, due east of
^^Darangin, the proper

Shemshangiri, ^d there are several outcrops of a bed of

carbonaceous shale, about 3 feet thick, at the west ehd of

the field, vrhich he considered to represent the "principal seam of the Darangiri
coal-field. Mr. Datta has now furnished a report, in which he adds three outcrops
to that mentioned by Mr. La Touche, the thickest being only 18 inches; though on
this, he tries to make the very best of sc supposition that one seam, averaging 1 foc/L

3 inches in thickness, may be continuous ovef 10 square miles. It is with great

regret that I'am unable to follow him in this estimate : indeed, were the seafti

tolerably continuous with such a thickness, it is very questionable whether it could
be worked, even were the locality less difficult of approach than it is. As a matter of

previous survey, the proper and only field in this region offering immediate prospect
of successful development is that of Darangiri

; for which, too, an application for

prospecting and ultimate leasing has been for some time before the Government.

Baluchistan.—The survey for coal and oil having extended over all the country
within convenient reach of the railway lines, and in some parts much beyond that,

Mr. Oldham’s party was withdrawn at the end of the working season. His season
commenced by his catching up the Kidderzai field force at Dhanasar, with the

object of examining reported oil occurrence at Kot Moghul, about 13 miles
south-east of the Takht-i-Suleiman. Mr. Oldham’s condition of health, after an
almost continuous field working of eighteen months, prevented his meeting Sir R.
Sandeman at Appzai, as had been previously arranged, though he tried his best to do
so, and in the end he was only able to establish the bare fact that there is a small
outflow of oil. He reported it as of excellent quality, but this estimate was found

Kot-Mo hul oil on
favourable when the oil was subjected to laboratory

Punjab frontier. judgment. The question of whether the oil existed in

sufficient quantity in the strata, or whether it could be
more fq^vourably tapped than at the present place of* natural issue, could not be de-
termined without a more extensive survey than was then possible; and the carrying
out of that will be a troublesome operation, considering that the country is a tribal

region on the frontier of the Punjab. r

The history of this enquiry, so far^^has been given in the second part of the year’s
volume of the Survey Records, by Mr. Oldham himself, and by Mr. Holland for the
laboratory investigation

; and it may be as well to summarize it here.* In December
1889 a sample^ stated to be raw mineral oil, was forwarded to me at the* instiga-
tion of His Excsellcncy the Commander-in-Chief. This was examined by Mr. Lake
in our laboratory and found to have a density of 0*823, and a flashing point of 89^^

F*., which result aroused our suspicions-as to the reported source of the oil. Dr. War-
den, Chemical Examiner the Bengal Government, found the specimen submitted to

^ Jtim to^have a specific gravity of 0*8209 at 15^5*^ C., and a flashing p^oint of 89® F.
;

abd be concluited tbat the specimen was not a crude oil, but a commercial kerosine
oil qf lo September 1890 Dr* Warden reported on a further speci-

proofed by the P^tjr-Commissioner of Dera Ismail Khan, when he found
it tb have a specific gravity of cfSi^s at Is's*’ C. and a flashing point of 84*29® F.
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Mr. Oldham was then instructed to visit the locality and send down samples, which,

when tri^ in the laboratory, yielded results showing it to be decidedly inferior in

quality, as compared with the other samples.

it has now been decided, in communication with the Dera Ismail IQian authoil-

ties, that as soon as arrangements for visiting the country can be settled, a thorough

examinatioik of the stratigraphical conditions of the country shall be made with a

view to determining the probable underground storage of the oil and .the chances

of tapping a larger issue by boring.

• Mr. Oldham’s further work in Baluchistan enabled him to send in reports on an

outflow of petroleum in the Robdar*Valley, Bolan Pass ; on the petroleum resources

ol the country adjoining the routes to Quetta ; and on the coal resources of Quetta

and the routes leading to it
;
while his increased experience of the general stratigraphy

of the country conduced to his adding some further evidence in favour of Mr.

Medlicott’s original suggestion in 1886 for a speculative trial boring near Rohri,

on the Indus. As a mova in that direction, 1 have just, at the close of the year,

selected places near to and within the North Western Railway works at Sukkur,

in view of projected boring operations.

In this connection, I attended the Conference on Fuel at Quetta early in

December last, when Mr. Oldham's views on the oil conditions of^he Khattan field

and in the Spintangi Valley were discussed. The test baring recommended by

him /or the final settlement of the prospects of the KhaSttan tract is being carried

out ;
but this finality of procedure was very naturally disputed by Sir R. Sandeman,

who discovered this oil tract, and by Mr. Townsend, who had superintended all tlie

oil exploitations in Baluchistan until within the last six

Qu€tto
ihonths. The latter gentleman still relies on certain stale

breaks or faults in the neighbourhood of Khattan, on the

further side of which he considers there is a possibility of oil. Under the circum-

stances, and feeling that no chance ^hpuld be; allowed to pass of disclosing

a larger and freeer issue of oil jthan has been met with hitherto at this place, I

voluiiteered, notwithstanding the fact that Mr. Oldham’s map showed no sign of

any marked faulting, to personalVy examine Mr. Tovmsend’s stated condition of the

stratigraphy should the boring now being put down turn out unfavourable to the

future of the field. It w^s also resolved at this Conference, Mr. Townsend and I

being in agreement, that a »ew boring should be put down on the Sind-Pishin

Railway, in the Cliiuppar feift * -

•

North-West ProvincIs.—^The existence of very thin strings of coal and car-

hdnaceous' shale at Kalka, in the Simla district, has been known to the Survey for

vdry hiany year^, bht' th^ extension of railway communication to that place has

ikturally aroused'’renew^ speculation as to the value of some lately reported finds

;

wd urgent enquiry vrati ma4e b^ ^e Deputy Commissioner of Simla. Mr. Gries-^

bach examined the eountiy in October^ upon wMch he /epoits that pone of thu

66kl' deposits Sbems to be of Shy iruportance. The ,best exposure' is near S^lka, in .

the valley of t^ Kassaulia ^am, aboiifone and a lult miles up-stfpam from Tipia

Further report OB the
villi^ Md one mile wesbsoudi-west from ,i>atiar (Jhouki

Ffallca coal: shows un- 6n thb Stmla-^alka road. The only coal finice in .tUs ex-
tevoar^ resalts,

plosure which mi^t attract notice' fs tea irregular deport
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splitting up into seams, separated by a lenticular bed of sandstone of about 6 inches

in thickness. The seam may be estimated as having an average thickness of from

2 to 3 inches, but at one point it is seen to expand to from 8* to 12 inches. The

quality of the coal is good enough, and ^ burns freely, but there is ngt enough ,of it

to warrant working. Similar traces, all lignite, are found at several localities in the

Kalka neighbourhood, and in the Nahan division of the Siwalik formation, but none

of them indicate any increase on the estimate formed on the Kassaulia q?cpqsure..

Burma.—^The tin exploitation in Tenasserim, under Mr. Hughes, was continued

with satisfactory result
;
a very strong outcrop of the ore-bearing rock itself having

been defined within the Maliwun township, from which very encouraging samples

of tinstone were obtained. The importance of this find may be gauged when it is

considered that this rather abnormal form of lode occurs in the series of rocks con-

stituting the ridges of the country, from the denudation of which the stanniferous

alluviums of the valleys have been formed, and that it qan hardly be the only good

Tin exploration in

Mergui : very satisfac-

lode of the kind. A considerable part of this lode is so

decomposed or weathered as to be sluiceable with profit.

tory progress. 'pjjg existence of rich alluvial deposits in the Maliwun

district is also certain, though they and the rocky zone are not, 1 fear, rich enough

to pay working Vnder, as 1 have already remarked in connection with copper

myiing in Sikkhim, elaborate European management and working. The venture

must be made under an cmproved systeip ,and encouragement of Chinese working

similar to that ruling in tbe Straits Settlements
; and it is satisfactory to note that

the labours of Mr. Hughes and his party of prospectors have yielded results which'

have brought forward applications from syndicates, experienced in that field of

operation, for the prospecting and ultimate leasing oqt of landsjn the Maliwun tract.

In summarizing the results of the exploitation up to the end of last season’s pro-

specting, Mr. Hughes also considers that he is justified in saying that the alluvial

tin in Bahuni, Karathur and Pl^ngan is V)f good quality, and such as should yield

good returns it worked under fair conditions ; meaning, by fair conditions, sufficient

means on the part of those who would start work, ^nd readiness on the part of the

I^ocal Administration to assist them heartily by carrying out necessary measures.

Much remains to be done in prospecting so large and trackless a region, but

I think that by the end of the present season sufficient wilTi have been accomplished,

by the Survey of India in topographjcal surveying, and by ourselves in the demar-

cation of good tin areas, for the furtherance of a successful tin development by pri-

vate enterprise. ' •

In Upper Burma, Dr. Noetling’s services have been fully, and, as I understood

in personal conference with the Financial Commissioner of Burma, most advanta-

geously employed,, not only in t|}e demarcation of the oil-

fields.**”

0 *1-
fields, but in th^ definition of^the State wells, and settle-

. ment of the rights and bt^si^on of the Twinzas, or old

native miners. At the safaie time, he has prepared a very elaboate and full memoir
‘ on tbe'histpry and working of the oil-fields, for the Government of Burma,

|n vie^ Of^tbe ilxjtension p£ a railway to Myingyan, a reconnaissance of the

in that di^cdon in the way of prospecting for coal, but without

I ftndld| e4tcrops ;
the result skqwing ttot even if the group of coal-bearing rocks
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on the eastern side* of the Irrawaddi valley does exist

Myingyan side, it would lie at too prohibitive a

• depth for working. Towards the close of the year, Dr.

Noetling was^ despatched to explore the,jade and. amber tract, being attached

to ti\^ Column proceeding to Ndrthern Upper Burma. His work in tbis direction

will be good, considering that a portion of his earlier career in Europe was spent

at amber inmes. ,

Geological Investigation.— and Transition Series,—The season’s

• South India* North-
surveying in the Madras Presidency completed theexamin-

West Frontier of Punjab !
ation of the larger and more prominent tracts of the'Dhar-

and Sikkhim Himalaya, war Series, with their associated older schistose gneisses and

granitoids occurring in the very extensive tract of country included in the districts •

of Anantapur, Bellary, Cuddapah, and Kurnool. This great area, hitherto displayed

on our geological map of India as a gneissic region, is therefore now capable of

being brought into much nearer formational correlation with Central India and

the western frontier of Bengal, where certain groups of transition rocks—notably

the ‘ Gwaliors,* and possibly the ‘ Bijawars ' also—occur as prominent ore-bearing for-

mations. The Madras crystallines, as more recently worked out by Mr. Foote, also

appear to have much in common with the Bundelkhund gneiss, as well as that of

Bengal. This advance in our knowledge of Madras geology wfll therefore be of

distinct value in the new edition of*the Manual of th& Geology of lAdia, and its

accompanying map, now being written by, Mr. R. D. Oldhtm. The more detailed

memoir by Mr. Foote is now in pr^ss. •

’ In the far distant North-West Frontier, the deputation of Mr. Griesbach with the

Miranzai Expedittion, and Mr. Middlemiss with the Black Mountain Force, have

afforded only slight opporlijnities of studying the crystallines (igneous and meta-

morphic) in that direction. Mr. Griesbach’s work is embodied in a paper on the

geology of the Safed Koh, which will shortly be published.

From the North-East Himalayas, ^e* have useful notes by Mr. Bose on the

elevation and disturbance of the Sikkim Himalayji, and on the igneous rocks of

Darjiling and Sikkim. The fgrmer seems to be a pretty direct ai>plicatipn of the

general results obtained by Mr. Medlicott and Mr. Middlemiss in the Sub Hiqaa-

laya of the North-Western Provinces.

Cretaceous^ Tertiary^and Recent.—From Baluchistan, Mr.’ Oldham has sent in

'reports on the recenf deposits of the valley plains of Quetta,
^Baluchistan : and Ha-

, pjshin, and the Dasht-i-Bedaolat ; on the geology of the

Thai Chotiali and part of the Mari country
;
on the geology

of the country west of the Bolan Pass ; and on a tonr from Quetta by Kach to

Ziarat, Hindubagh.

The second* of these, papers is of special interest as adding a further link to the

evidence already gained in^peninsular India and Sind, pointing to the occurrence

of passage beds '^ch appear to have been deposited during the time interval

represented by the gap l^tween the Secondary and ’fertiary periods in , Europe
Extended survey of the stratigraphical groups already distinguished by Mr. Oldham
has shown that his Dunghan group is not only separated from the cretaceous ‘‘ belem-

nite beds ” below by a slight though distinct unconformable break,* unaccompanied

by disturbance; but tha^, while it is*an essentially limestone group of great
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tfaickflefis in the northern pert of the erea and in the Harnai district, it becomes, to the

sonth-east, an argillaceous one, with only an attenuated limestone facies in its upper-

most beds. Blit with this change, it becomes abundantly fossilliferous, with a fauna

having cretaceous and yet decidedly nummulitic affinities. The author is sufficiently

guarded in his riding of the unconformabillty, the change of lithological facies,

and the anomalousness of the fauna ;
but these conditions are fairly open to the inter-

pretation that the Dunghan group probably orepresents the gap stated above.

&fr. Oldham's paper is issued with the current records.

His article on the recent deposits o£»the valley plains is also published, a feature

of interest in it being a discussion of the native*''' karez" system of tapping water

sources at th^ foot of the flanking hills, and leading it by underground tunnels, Or

karesiesj to the lower levels of cultivation. It a4s6 treats of the remarkable group

Of natural artesian springs at QUetta itself; from the study of which and the other

conditions Of the valley plains the author prepared a note for the Baluchistan

Agency on the mode of occurrence and probable distribution of artesian water in

the Quetta and Pishin districts.

In Hazara, Mr. Middlemiss’s work, early in the season, lay among the lower

ranges of hills immediately north of the Rawalpindi plateau, especially along the

base of the nummulitic stage, in search of any extension of the Abbottabad coal

band, of which however he found no further traces.

fk notable feature connected with the recent geology of Hazara is the presence

of thick banks of coarse^ravel at Diliari and other places, at a height of about 2,000

feeV above the level of the Indus. These gravels differ in no way from the beds of

gravel at present deposited by that river; and they indicate that combined upheaval

of the country and deep cutting of the Indus have resulted in separating the present

and past erosion planes of that river by this enormous»vertical distance:

Palaonfoldgieal.^Vxoi^^^or Waagen has been our chief worker. The second

part of his Geological Results

j

arising out of his elaborate study of the palseozoic

Salt Range faui|pt, was published eaflj^ ki* tTie year, fie continues working at the

Ceratifes, sOme 20 plates of which ate already stored in Calcutta, in readiness fot

the illustration of the text descriptions. •

< It hardly becomes me to write in praise of this latest contribution from so dis-

tinguished a savant as Dr. Waagen, for it will, indeed has received its meed, in that

respect, from the most competent judges in the palaeontological world
; but the latest

te^timonj^ I have before me is that hfa generalizations on the correlation of the

Salt Range palaeozoics wHK those of other regions have received remarkable con-

firmation in the recbgnitibn hf Oberbergrath Mojsfsovics bf a Salt Range and Aus-

tralian fauhae in the collection of carboniferous foasils obtained by the Survey in the

North-West Himalaya.

The lamentable death of Frt^ssor P, M. Duncan necessitated the transfer of the

collections of Kaeh jurassic echikoidi and corals sent hOtne tO him for description, to

some other specialist in this sectitm of teseavch';-^' contingency for which Dr. Diin-

fieas ba4 It turned out^ nfoiiglilfuily ptVrided for by asking Mr. J. W. Gregory, of

NntUYsl pihmy of British^ Museunr, to undertake the Wdri.

and we have just

fasdetdee^ the EdfivcannA.

guidance of Professor Rd.
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Suess of the Imperial University of Vienna, for the study and description of otxr

Himalayan collections by Specialists in Austria : Palaeozoics, byl>r. Wentzel ; TriaS-

sics by Oberbergratli Mojsisovics ; Rholtics, by Dr. Bittner; and Jiirassics (Spiti), by
Professor UhKg. In the progress of study «o far. Professor Suess reports that our

Silurtan fossils are rather poor. On the other hand, the very remarkable though not

unforeshadowed feature has been recognized, that the carboniferous fossils belong to

two very different faunae, one of the Salt Range type and the other related to Aus-

tralian carboniferous.' The 4riassic fossils, again, are of such extreme interest as to

•have induced Professor Suess, in conference with Mojsisovics, to piopose the send-

ing out of Privat Docent Dr. DienSr, under contributions from the Boud Fund and

fhe Academy of Sciences, for the further collection of fossils, in concert with the

Survey, considering, as he does, that “ Griesbach's discoveries are so important*

that it seems well nigh our duty to follow them up as far as we possibly can." Such

an implied appreciation of the survey work in Himalayan geology is naturally

most gratifying to us ; and we too are bound to meet this most liberal and distin-

guished proposal in as helpful a spirit as can be accorded to us by the Govern-

mept of India.

Museum and Laboratory.—Mr. Holland is selecting and arranging mineral

specimens, models, and drawings to form a collection as an introdj;iction to the study

of mineralogy, which will be employed also to illustrate ^the demonstrations pro-

posed to be given to the students of the Presidency College. Considerable pro-

gress has been made towards a more complete arrangement and classification of the

,
rock collection.

The work in the Mudeum, however, has been considerably delayed on account

of the increase in the number of specimens received in the laboratory for determi-

nation and analysis*. The principal ores assayed during the year were those of gold,

silver, lead, tin, copper, and iron
;
in addition to samples of coal, coke, crude mi-

neral oils, and brines.
, ^ .

Mr. Middlemiss s paper, on the Salt Range geology ( Records, Vol. XXIII,

page 19), published in the beginning of the year, besides adding much of im-

portance to our knowledge of that area, shows that we are not as yet in pos-

session of sufficient data for the satisfactory solution of problems connected

with the remarkable ppsition and characteristics of the salt-marl and its asso-

ciated minerals. As an inilial move in the way of solving the questions raised,

Mr. Holland has devoted » portion of his leisure to the closer study of rocks collect-

ed in this region; and lie informs me that the results obtained far throw con-

siderable light on the local problems besides adding much of general mitieralogical

interest. Among these may be mentioned the discovery of large proportions of

in the bi-pyramidal quartz crystals (“Mari diamonds "); the occurrence

also of anhydrit'e in the*hard nodules of the gypsum beds, and the stages in the

process of hydration, with the interesting sftructures produced during the crystalliza^

tion of the latter and its intergrowth around fragmentaqr remains of anhydrite-crys-

tals. The structures produced in these rocks by movements in the mass lare also

worthy of remark ; the gliding planes in the crushed anhydrites an^ the bent lamel-

lar twinning of the gypsum, passing into stages in which iheqqiaxed fragments

have, by the forced assumption of parallelism, given rise to examples of the most

perfect schistosity, Mr Holland concludes that* the data so obtained Offer some
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l»ist of Societies •and other Institutions from which publicatiojus have

been received in donation or exchange for the LiSrary of the Geo*^

- logical Survey of India during the year i8gi,

Adelaide.—Royal Society of South Australia.

Albany.—^New York State Museum.
Allahabad.—North-Western Province^ and Oudh Provincial Museum.
Ballarat.—School of Mines.

Baltimorf.—Johns Hopkins^ University.
’

Basel.—Natural History Society.
'

Batavia.—Batavian Society of Arts and Sciences.

Belfast.—Natural History and Philosophical Society.

Berlin—German Geological Society.

„ Kdniglich Preussische Geologische Landesanstalt.

„ Royal Prussian Academy of Science.

„ Royal Prussian Geological Institute.

Bologna.—Royal Academy of Sciences.

Bombay.—Bombay Branch of the Royal Asiatic Society.

f Marine Survey of India.

' Meteorological Depart^ient.

,, Natural History Society.

Bordeaux,—tinnean Society of Bordeaux.

Boston.—^American Academy of Arts and Sciences.

,* , Society of Natural History.

Breslau.—Silesian Society.

Brisbane.—^Queensland Branch, Royal Geographical* Society of Austra-

lasia.

„ Queensland Mtfs|ujn.

Bristol.—Bristol Naturalists’ Society. ,

Brussels,—Royal Geographical Society of Belgium.

„ Royal Malacological Society ef Belgium,

Bui^apest.—Hungarian National Museum.
Buenos Aires.—Argentine Republic.

Caen.—^Linnean Society of Normandy. «.

Calcutta.—^Archaeological Survey. «

.
Asiatic Society of Bengal.

9, Editor, The Indian Engineer.”

99 99

** Indian Engineering.”

99
Indian Association for the Cultivation of Science.

9, Indian Museum. •

,9 ^
Meteorological Department9.Government of India.

„ Suryey of India. ^ »

« « „ Uniirersity of Calcutta.

CAitBkiipoK.-^lPhitbsophical Society.

Comparative Zodlogy.

CASSS^^lRoyat h^eridogy (Geology) and Pre-Historic Museum of

Dresden*.
*
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Chmstiakia.—Editorial Committee, * Norwegian North Atlantic Expedi-

• tion,

Cincinnati.—Society of Natural History.

Copenhagen.—Royal Danish Academy.

Dehra Dun.—Great Trigonometrical Survey.

J)resden.—Isis Society.

. Dublin.—Royal Dublin Society, •

„
‘ Royal Irish Academy.

Edinburgh.—Geological Society. •

„ Royal Scottish Society of Arts.

„ Royal Society.

„ Scottish Geographical Society.

„ Signet Library.

Florence.—Royal Geological Commission, Italy.

Geneva.—Soqji^t^ de Physique.

Glasgow.—Geological Society.

„ Glasgow University.

Gotha.—^Editor, Petermann's Geographische Mittheilungen.

Gottingen.—Royal Society.
^

Halle.—Kais, Leopoldinisch-Carolinische Deut^e Akademie der

Naturforsclier. •
* '

Harrisburg.—Geological Survey of Pennsylvania.* • •

Hobart.—Royal Society of Tasmania.

Konigsberg.—Physikalisch-Okonomische Gesellschaft.

Lausanne.—Vandois Society of Natural Sciences.

Leiden.—l^ole J’olytechnique de Delft.

Leipzig.—^Vereinfur Erdkunde (Geog. Society).

Liege.—Geological Society of Belgium.

Lisbon.—Geological Survey df Portugal.

Liverpool.—Geological Society. •

London.—British Museum (Natural History),

„ Geological Society.

„ Iron and Steel Institute.

Lmn^n Society of London.

„ Royi)) Geographical Society.

„ Royal Institute of Great BriUtin.

*„ Rdyal Society.

„ Society of Arts.

„ Zoological Society.

Madras.—Forest Department.

Madrid.—Geographical SocietjL

Manchester^—Geological Society.

Literary and Philosophical Society.

Melbourne.—Department of Mines and Water-Supply, Victoria.

„ I^mier, Natural History, Victoria.

MiLANo.r—Italian Society of Nat^l Sci^h^s.
Montreal and Ottawa.—Geological and Haturai History Survey of Canada
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Montreal and Ottawa.—Royal Society of Canada.

Moscow.—Imperial Society of Naturalists.

Munich.—Royal Bavarian Academy.

Naples.— Royal Academy *of Science.

Newcastle-on-Tyne.—North of England Institute of Mining and Mechanical

Engineers.

.
New Haven.—Connecticut Academy of‘ Sciences.

„ The Editor of the “American Journd of Science.” *

New York.—Academy of Sciences.

Oxford.—University Museum.
Paris.—Geographical Society.

'

„ Geological Society of France.

„ Geological Survey of France.

„ Mining Department.

Philadelphia.—Academy of Natural Sciences, #

„ American Philosophical Society.

„ Franklin Institute.

Pisa.—Society of Natural Sciences, Tuscany.

Quebec.—Literary and Historical So'dety.

Rio-DE-jANErM).—National Museum,
Rome.—(Geological Survey of Italy.

„ ' l^oyal Academy. •

Sacramento.— Californian State Mining Bureau.

Saint Petersburg.—Geological Commission of the Russian Empire.

„ ,
Imperial Academy of Sciences.

Salem.—American Association for the Advancement of Science.

„ Essex Institute.

San Francisco.—Californian Academy of Sciences,

Singapore.—Straits Branch, Royal Asiatic Society.

Strasburg.—Strasbucg University.

Sydney.—Australian Museum. ,

„ Department of Mines, New South Wales.
* „ Geological Survey of New South Wales.

„ * Linnean Society of New South Wales.

„ Royal Society of New South Wali^s.
•

Tokyo.—Asiatic Society of Japan.

Toronto.—Canadian Institute.

Turin.—Royal Academy of Sciences.

Venice.—Royal Institute of Science.

Vienna,—Imperial Geological Institute.

Imperial Natural History Museum.

„ K. K. Geographischen Gesellschaft.

„ Acadeiiy of Science.

Washing!,QK.—

S

mithsonian
;

Institution.

„ * United Stales Department of Agriculture,

UnUe<i States Geol<^cal Survey.

„ United Sijilea Mint*
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Washington.—United States National Museum.
V\£ell[ngton.—Colonial Museum and Geological Survey of New Zealand*

„ • Department of Mines, New Zealand.

,, New Zealand Institute.

Yokohama.—German Naturalists* Society,

„ Seismological Society of Japan.

York.—Yorkshire i^ilosophical Spciety.

The Governments oi Bombay, India, Madras, North-Western Provinces

and Oudh, and Punjab. •

The Chief Commissioner of Burma.

The Resident at Hyderabad.
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Report on the Ceplogy of Thai Chotidli and part of the Mari country, by
R. D. Oldham, A.R.S.M., F.G.S., Deputy Superitetendenty Geologic

cal Survey of India, (With ^ map and 5 plates.)
^

The area to be described in the following paper lies to the east of that treated

Area to be described
limits can be seen by reference to the map

annexed. *

Apart from the very brief mention of the gorge rrt Tung by Dr. Blanford,’ and

Previous literature
some papers regarding the petroleum at Khattan which havtf

been referred to in my previous report,^ there is no liiera-

,
ture regarding the area under description.

•

The structure presents the same features as were noticed before, in the almost

Structure. complete absence of any of those great reversed faults and
Absence of great faults, thrust planes which are so common in mountain regions.

The only exception is in the south-east corner, where, •according to Sub-Assistant.

Hira Lai, the upper nummulitic beds and cretaceous beds are faulted into direct

contact with each other. But, though not exhibited on a large scale, there are ipany

very pretty instances of faults on a small scale, two of which are shown in Plates I

and II. »

A very remartafrle^ occurrence of horizontal beds over a considerable area in the

*
. , B6ji valley was quite unexpected in a region usually so

Homontal beds. • f? , , ,. 1 , j. .r«v j .

highly disturbed: The honzontality is made very conspi-

cuous in the field, and easily recognizable on the map, by the capping of hard Spin-^

tangi limestones crowning the hills of Ghdzij shales and exhibiting those long hori-

zontal lines of cliff and talus slopes, with an irregular outline cut by numerous re-

entering angles, which form the scenery characteristic of a deeply eroded series of

horizontal beds of unequal hardness.

The oldest rock exposed is the samq grey limestone as was seen in the Mirdb

.
• Tangi,® but it was much better,seen this year in the hills west

OWesr^rocJ* seen ; of the Thai Chotiali plain, which are traversed by the Sdmbar
massive limestone. pass. The beds are thrown* into an anticlinal fold, whose

core, composed of these Sard grey limestones, stands up as a high hill, traversed

by the deep gorge of. the Sdmbar pass. ,

This gorge is not of the ordinary type of water-won ravine, exhibiting on either

side a section of the beds through which it is cut, but harfs been formed along a deep

and sharply-folded synclinal flexture, which obliquely trav^ses the main anticlinal.

The stream has taken advantage of the narrow strip of soft beds, which was thus

made to traverse the hard limestone core, and has deprived us of the deep cut sec-

tion which this pass should other^yise have exhibited.

. About 3 miles to tlie west, however, there is a gorge cut through a lower part of

the hill which exposes a section of a portion of the limestone, and exhibits it as very

similar in type to the cretaceous grey Jfmestones of the Quetta hills, with which I

have liitde doubt that it is identical.

Surv*, p. *97*

'.Jy;'

'

' <Seol. Surv., Iii4„ XXu, p; 93*
t Jtec, Geol. Surv, Ind*« XXn* P. 93 1 the wprd * nummulitic * in the marginal reference is
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Belemnite beds.

This limestone crops out in the centre of the Dunghan mountain, of the anti-

.f . clinals of Samach, of the Miri hill, and of MazdrDrik in the
istri ution.

• Though not mapped as occurring in the Rasta-

rdnihill, east ofeMdmand, it appears to occur»lhere, so far as can be judged from the

accoufit of Sub-Assistant Hira Lai.

From no^e of these last named localities were any fossils obtained, but in the

Fossils
Sdmbar pass4heuppermost«beds yielded some fossils, among
'which a Rhynconella was most abundant. A fragment' of an

ammonite was also found, and BeletnnUes, which appeared to belong to the same

species as occurred in the next succeeding group, but they had been shattered by

the disturbance the beds had undergone, and could only be extracted in a fragmentary

condition which precludes any specific determination.

The massive cretaceous limestones are overlaid with perfect conformity by a

series of beds which, in the S6mbar pass, attains a thickness

of a^ least i,ooo feet, but is usually much thinner, the differ-

ence being apparently due principally to a squeezing out of the lower shaly beds by

compression. In the S^mbar pass the lower half of the group is composed of black

shale's with some sandy and calcareous beds and, near their base, the shales contain

an admixture of volcanic ash. The upper half of the group consists of distinctly

bedded green and purple indurated marls and limestones, c^pe^^y about 250 feet

of compact white limestone. * • ^ ,

These upper beds resemble so closely/ in lithological clftjtfcter, those variegated

beds seen in the Chappar rift, which were formerly ^ referreJd

paf shales^"*

Chap-
to by me as the Chappar shales, that I have no hesitation in

identifying the two. They agree, moreover, in stratigraphical

position, as will be se§n further^on, and the occurrence of an admixture of volcanic

ash with the sedimentary material of the lower beds in the Tarai Tangi* is another

fact pointing to the same conclusion; moreover, there are frequent exposures of

precisely similar beds occupying the samI position relative to the othgr rock groups

in the ground intervening between the Sembar pass ajfid the Chappar rift.

Having established the identijy of the group in the two separate localities, if ap-

pears inconvenient that it should retain a name derived from a locality where it is

very imperfectly exposed, neither the thick white limestone at the top, nor the still

thicker black shales at tfie base being represented, except in* a most imperfect

manner, and I shall in fuiurj refer to the group as the ‘ belemnite beds.'

These belemnite beds are, in many places, abundantly fossiliferous, but the

fossils found are almost entirely confined to* several species
belemnites,

BelemmUs, mostly belonging to the section Dilatati^ the

only exceptions being a few fragmentary casts of Ammonites

found 3 miles west of the^Sembar .pass.

The uppermost white limestone was not^observed to be fossiliferous within the

area of the map, exc^t for a few belemnites near its base, but I have seen it, on

,
• the road from Hamai to Loralai, containing both Nummulina

ttmxnuhtes.
AlveoUna. At the time I was not aware of the true

stratigraphical relations of the roc&, and, being inclined to class it with the overlying
«

’ Rec., Geol. Surv., Ind., XXin, 93 (1890).

• loc, p. 94.
* *

Fossils,

ammonites.
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Dunghan limestone, then regarded as nummulitic, did not attach the

the observation which it has since proved to possess, and, unfortunately, di

carry off any specimens. There can, however, be no doilbt as to the accuracy of the

of Ihe beUmnl.. beds Is wide, ,b«, o( a,e .»d*l,d.s

massive limestone. Besides forming an oval sound all the

Distribution.
exposure^ of the latter,* it is the lowest roc)i exposed m

the Sondri anticlinal and in two others in the southeast corner of the map; to the

north of Lat. 30" it is the lowest roc« seen in the cores of the anticlinals, and Is

known to be largely exposed to the north of the map in the direcUon of the Bon valley.

The distribution of fossils in this group appears, at first sight, to be capricious, for

they, have only been found in the Sdmbar. Samach, Mazdr Drik, Dunghan and Miri

anticlinals, and not in those to the north-west or south-east of these. This is, how-

ever probably due to the fact that, in those exposures where no fossils have been

found only the uppermost beds are exposed, and these are everywhere very spar,

ingly ’fossiliferous, if fossiliferous at all. Further to the north, along the B6ri- ,

Mdkhtar road, belemnites are common enough in the beds of this group.

The belemnite beds form the uppermost member of a conformable system,

• above which comes a slight, but distinct, unconformable

Unconformable This is best ^seen in the Sonari anticlinal and that

ndar Mazdi Drik ii^^^Bd’ji valley, where the beds immediately overlying the. white

limestone contain numerous fragments ’of it; in the Mazdr Drik anticlinal the white

limestone is worn into an undulating surface, on which the lowest bed of the next

succeeding system is deposited, and in the upper B^ji valley there is a marine con-

glomerate bed eontaining fragments of white and grey limestone, the latter being

apparently derived from the massive creuceous limestone. ‘This unconformity is

also indicated by the remarkable variations in the thickness of the while limestone,

variations which are equally noticeable, ojutside the limits of the area under descrip-

tion. As has»already been remarked, it has a thickness of about 250 feet in the

S6mbar pass, but on north sidfe of the Mazdr Drik anticlinal this is reduced to only

20 to 30 feet. So, too, on the road from Harnai tO Loralai there is no distinct band

<5f white limMtone seen in the first anticlinal crossed by the Mirdb Tangi, between

Harnai and Tarwe, Khan, but, at Dilkdna, only 5 miles .further on, the while lime-

stone is well developed, though the thickness was not*esiitnated.

Another fact, pointing to an unconformity between*the^belemnite beds and those

overlying them, is the occurrence of pebbles of whit^ nummuliferous limestone,

evidently derived from the uppermost white limestone of the belemnite beds, in a

eonglomerate wWch occurs near the top of the Ghdzij group both near Shahrig and

to the south-east of Quetta.
e • •

But, although this unconformity is distinct and unmistakeable, there is not, so far

as 1 have yet sben, any recognizable divergence from a per-

Unaccompanied by
' fggt parallelisiB of dip between the beds above and below

,
distarbance,

^
consequently, preceded by any marked dis-

tutbsttoe ef ^e beds already formed, and need not represent very great lapse of

liimq, Oh die other hand, If the identification of the pebbles of grey limestone in

; : the lo^er beds of the next succeeding, syptem with the massive cretaceous grey lime-

there must have been a very extensive denudation, meaning a
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considerable lapse of time, and the absence of any of the Belemnites, so abundart

iramediatsly below the unconformity, in the overlying beds points to the same con-

clusion. For the present, however, and until the lesults of more extended survey

are available, «t is impossible to determine the exact slratigraphical v^alue of this

unconformity.

The groyp which is met wilh immediately above this unconformity is, in many
ways, the most interesting of all those met with

;
it is ih^ same

Donghan group.
* that was described by me as the Dunghan group. In the

northern part of the area surveyed during ^he past season it presents the same
character as it has in the Harnai district, that is to say, it is essentially a limestone

* group of great thickness. To the south a remarkable change
Change of facies.

comes in by the development of argillaceous beds ip the

base of the group, which encroach more and more on the limestone till, in the south-

east, only a few of the uppermost beds remain as limestone, the rest of the group

joeing mainly argillaceous •with some subsidiary beds of sandstone and impure

limestone. The limit of the change between the two facies is tolerably well defined,

coinciding approximately wilh the road from Spintangi to Thai Chotiili; and its

abruptness is noteworthy. Thus, in the Dunghan mountain, the group is composed
of limestones, some 2,000 feet in thickness, but within 1 5 milesjp the east, in the

Mazir Drik anticlinal and to the south-east in Sondri, there i^ imi^more than two or

three^ hundred feet of limestone at the top of a thick serid^ of ^les. *

It is natural to ask whether such a sudden'change of faefes does not indicate a

distinction between the two; such at first was the interpretation I was inclined to fut

upon it, and in the field maps the distinction was preserved to the.last. A gradually

increasing intimacy with their mode of occurrence, and a careful review of the evi-^

dence, has, however, convinced me that they are identical, in spite of their litho-

logical dissimilarity.

A very good exposure of the argillac^oj^s facies«of this group is seen in the Dds

valley n^ar Khattan. In the lower portion of this tributary
Dds valley.

valley the Ghdzij shales are seen, which continue till a sheer

sloping face is met with, composed of the pseudo conglomerate or true lime^one

breccia,^ associated with flaggy limestone as at Khattan* the total tl^ickness being

about 100 to 150 feet. I^is is underlaid by 600 to 700 feet of grey shales, below

which comes a group of beds which forms a well marked and easily recognizable

horizon in all the sections of^his district. The uppermost bed is a limestone, com-

posed almost entirely of b;^sters {£xogyra P), but also containing a {ew other fossils.

In the section if is very dark coloured and impregnated with petroleum, which oozes

from the exposed surface. This is underlaid by sandy beds, one band of which is

red throughout, and the others frequently stained red with iron. Below the sand-

stonel, in the Dis*valley, tomes a great thickness, probably over i,cx30 feet, of sbale^^

many beds of which are so abundantly fossiltferous as to become impure limestones.

At the head of the Valley, where the dip flattens down horizontal, they form ol^iffs

surroundingan amphitheatre, and are conformably underlaid by unfossiliferous grey,

«

green, and purplish shales. The limit between the profosely fossiliferous beds and

those in which no fossils can be found is abrupt, but perfectly conformable, and

\ Kec., GeoU Surv,, led* XXIlC PP* 94f PS*
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though no fossils are as a rule to be found in the shales, yet, in the MazirDrik
anticlinal, I found, low down in this portion of the group, a {>and of Nummuliies,

apparently identical with some of the forms found higher up.

The bajnd of sandstones, stained ^ith iron, and overlying oyster bed, can be

recognized in all the sections in the southern part of the area included in the map
and is important in the identification of this shaly group with the Dunghan lime-

stone^ for, in the Mazdr Drik anticlinal, the \9’hole thickness of the beds above it

consists of limestones, which there is no difficulty in -recognizing as the same as the

unmjstakeable Dunghan limestone clo^ by. But the identification of the shaly groilp

with the Dunghan depends mainly on the similarity of stratigraphical position of the

two and the constant presence of the pseudo conglomerate, or limestone breccia,"at

the top of the group marking division from the overlying Ghdzij shales.

This bed forms well-marked and easily recognizable horizon throughout the area

surveyed ; it is almost invariably visible, where the Dunghan group is shaly in com-

position with only a small thickness of limestone at»the top, and is frequently

visible in the northern part of the area, where the group is composed of limestone

throughout. How far its local absence may be due to imperfect action qf the

causes which led to the concretionary structure being developed, and how far to

imperfect exposi;;re8 of the bed, it is not altogether possible to say, but it is note-

worthy thaj, in theVsjort^ern portion of the arga under description, the concretionary

stfucture is less well-dgyefoped, and here the observed occurrences are lea§t fre-

quent, while in the* south and eak, Where there is hardly a contact section in

wiiich it cannot be detected, the concretionary structure is so well developed thi^t

it is frequently almost impossible to believe that it is not a true conglomerate. 1

have, however, no reason for departing from the conclusion come to last year re-

garding the nature of this structure, and, in spite of the very striking appearance pre-

sented by individual exposures, there are several features in its mode of occurrence

which are incompatible with ihe supgojition that it is a true conglomerate
; these

are, the absence of any important variations in thickness, its interstratification with

fine grained fiaggylime8tones,«the absence of any coarse grained deposits associated

with it, and, above all, the absence of any rock, of older date, similar to that of

Which the “ pebbles'’ are'formed.

The presence of this peculiar and easily recognizably, rock at a definite horizon

has been a most important aid to the geological mapping of the country, as it en-

abled die boundary between the Dunghan and Gh^ij groups to be determined with

accuracy, wkiem this would, in its absence, have proved Ulmost impossible of ac-

complishment.
'

Concurrently with the change of facies of the Dunghan group it becomes abun-

^ dantly fossiliferous ,and a. large number of specimens were

/ ^ oblidn^Aftpin thesWy beds. When the feuna of this group

comet to be etiimined mil lead to results as striking in their

!w^y temat^ twenty, miles, * converts a group of

tliickhesi, into analmost entirely argillaceous group.

b«^en examined by a competent paleontologist it

iixiptuoug opinion ag to the paleontological affinity of

the tanha as a whole, but it presents certain striking ano-

malfes W^eh cannilt pas^ over in silence.
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Among the Cephalopoda collected were fragments of two species of Ammoniles,

Cnocerasp and besides these I have been shown Ceratites and BacuWes^ which were

found by Mr. R. A! Town&endin the D^s valley; among the echinodermata fully

half the speciijiens found belong to the order £chinoconidce, and an oyster very like

O. carinata is not uncommon. These would ordinarily be held sufficient to stamp

the fauna as cretaceous, or at any rate upper secondary, yet this fauna not only

occurs above the white limestone of .the belemnite h^ds, in which Nummulina occnx^

but is ac<;ompanied in*the same group by an abundance of specimens of Nummulina
belonging to three or four species. 1 am aware that the genus Nummulina has been

found in beds of carboniferous and of secondary age, but it is uncommon and, as

yet, it has always been accepted that any beds in which the genus is abundantly

represented are of tertiary age.

Under these circumstances it must remain an open question whether we are to

regard the Dunghan group as oldest tertiary, or newest secondary, in a^e. Dr.

Blanford in his memoir t Regarded the Dunghan limestone, near Harnai, as lower

*nummulitic, and very naturally so, for the almost only recognizable fossils it con-

tains are foraminifera, mostly Nummulina^ but in the Suleiman hills he took the

“ liniesione breccia to mark the base of the tertiary system. As may be seen

from what I said above, there is a contradiction here and, as matters stand, it is im-

possible to say which of the two views is correct. If the top ofUil^Dunghan group

represents the lower limit of the teftiaries, we have to aflwwledge tin extrcjne

abundance of the genus Nummulina in bed^ o£ cretaceous* Age
;
if the bottom, then

the Ammonoidea are represented, hi beds of tertiary age, by several genera and

species. A third interpretation is open, and probably it will prove the true one,

that the Dunghan group represents the gap between the Secondary and Tertiary

Distribution.

Gh^zi] group.

period in Europe. ,

The distribution of the Dunghan group is a large one, and is best explained by

a reference to the map. In the north-western portion of the

area, where it conSi^s mainly of limestone, it forms high hills

and mountains ; to the south-east, where it is shaly, jjiis is much less noticeable as^

in most cases, the thin shell of Jimestone has been broken through by denudation,

and the easily removed shales exposed. • ,

The Dunghan group is conformably overlaid by the Ghdzij group which pre-

sents ^the same character as was described in my previous

pape| and will not require lengthy notice here. To the north

of the Thai Chotidli plain some coal seams occur in this group, and near Khattan a

thin band of impure coal Is found near the top of it, but throughout the rest of the

large area it occupies no coal was seen. Fossils are not very abundant except near

the top of the group.

The GhAzij group is^ overlaid by the Spintangi beds, not only with most perfect

Spintangi grou
conformity, but wit^an absolute oblitaraUon of any definite

,
boundary. In the neighbourbodd of Khattan several thin

beds of white limestone, of the Spintangi type, occur among the Ghdaij shales, and^

green shales are found interbedded with beds which appear to be the equivalents of

the Spintangi group at Spintangi. It has become evident that the* lithological dis-

crimination of the two groups is impossible, and, on palmontologicargrounds, it will

• •

* Memo., Geol; Surv., Ind., XX*
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Want of definite boun-
dary.

be equally difficult, for the fauna of the shaly beds is not expensive, and naturally is

very different fiom that of the clear limestones, and the same fossils, at le'ifeSt so far as

the more abundant forms are concerned, appear to be common to the limestone bands

in the Ghazij groups and to the main body of the overlying Spintangi group. Under

these circumstances, seeing what a large share the mere change

of condition would have in bringing about tjje change of

fauna, a line of demarcation drawn on palaeontological grounds

would no more represent a definite epoch than one drawn on purely lithological

grounds. In fact there is no real distinction between the groups, and there is good

reason for supposing that, to the south-east of the limits of the map, beds would be

mapped as Spintangi which were of contemporaneous origin with some that have'so

far been mapped as Ghdzij.

Although the boundary between these two groups has non§ of that definiteness

which attaches to the other boundaries, it has been inserted as a matter of conveni-

ence, for not only does the sub>division of the nummulkic beds above the Dunghan
serve to render the structure of the country recognizable at a glance, but it serves to

show to the distribution of two strongly contrasting types of deposit.

A noteworthy feature of the Spintangi beds in the southern portion of the area

mapped is the thickness of the gypsum beds it contains. Along the upper part of

the Khattan vant,;jhey are very conspicuous on the scarps, and near Mamancl

there is, according to ^ub-Assistant Hira Lai, a bed of 50 feet thick, besides four

others aggregating 33 ‘feet in a total thickness of about 400 feet near the middle of

the visible section of the group.

The Spingtangi group is overlaid to the south by Siwalik beds of the ordinary

Siwalik * these are the only indubitable Siwaliks in the area

examined. There are, howewr, some other beds whose true

classification it is difficult to determine
;
from their aspect they might well pass for

Siwaliks, but as it is very doujptful if tb^ are contemporaneous or were ever con-

tinuous with agy of those beds which have oeen mapged as Siwalik along the margin

of the hills, I prefer to class tUem separately for the present.

The most important of these is an area of disturbed sands and gravels lying

etfst of M4mand. They consist mainly of old river shingles,

but, where they have been cut into^ these are found to be in-

terbedded with soft sandstone^ little harder than rock-sand,

and clayey beds ; they have mostly a distinct dip whiah in one place rises to 50^.

Besides this m^n exposure there are three outliers, perched on the top of hills, at the

eastern end of the Mdmand plain. These gravels are evidently old deposits of the

same stream which now Hows to the south of Mimand ;
but, since they were formed,

there has been some disturbance of the beds and an alteration of the course of the

drainage, partly due to this distmbancc, and partly to a lowering ©f levels along the

band of easily denuded Ghissij shales, a little way to the south.

Further dqwftt this str^, near KinSari, there is a large development of gravel

ft deposits wjiiiih W noticeable disturbance, but have been deeply cut into

there is% large expanse of gravel deposits in which no signs of

disturbance were seen. They have, however, been cut into,

to a depllt Of neifrly 100 feet in places, and, just above the

Sub-recent gniTeU of

Mimand.

£
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junction of the Bareli, there is a hill of Ghdzij shale, capped by sub-recent river

giavels. •

In the Thai Chotilli plain, separating the main area from the Kardhi plain, there

• 2L^e some low hills of gravels, which have been bent up into
Th^l Chotidli.

anticlinal. These are evidently old deposits of the river,

before its gradient was checked, and have since been disturbed. They wiJJ be again

referred to when treating of the Thal-Chotidli plaint

The mosj remarkable instance of disturbance of these sub-recent river gravels

•
,

is exhibited by those of the Panun valley (Pano of the map).
of gravels

Between the Sherki hill and the western end of the Maz^r
• Drik anticlinal there is a great thickness of gravels, through

which the stream has cut its way. At their northern limit these are in direct contact

with Ghizij shales, and have been bent up vertical and in places as much as

30® beyond the vertical, so as to acquire an apparent dip to N. at 60° (Plate ill).

The dip is very local
; within 360 yards to the south it has almost disappeared, and,

^

throughout the area occupied by these gravels, no signs of disturbance were seen,

except in the immediate vicinity of its northern margin.

Gravels of recent date are abundant in all the stream valleys. They have not

been considered of sufficient importanc^o be mapped

alluvhim^
S^^avels and detail. Besides the numerous snaalW^eposits in the

a uvium.
Stream valleys there is a large atea Jfn the Quat Mandai

valley, covered principally by gravels, but wi part also b^^ fine-grained alluvial

deposits.

Among recent deposits must be classed landslips, which are more common than

would be expected in so dry a climate. There is a very large
Landslips.

co»spicuous landslip at Kuriik Tangi, 8 miles east of

Spintangi, which extends for nearly 3 miles across the valley, having come from the

drills to the south. This landslip must have blocked ^he drainage for a time, as the

Tangi is cut through its substance, between its source of origin and teyninalion.

Smaller landslips are common where the Ghazij shales are exposed on a hillside,

being induced by the manner in ^hich these shales weather into slimy mud wfiich

will move over very small gradients. A very striking instarite cccurs fouth of Soniri,

where, on the watershed between the drainage of the Chdkar and Bdji valleys, the

whole outcrop of the Ghdzij sliales is completely concealed by a thick layer of huge

angular masses of Dunghan limestone. It is, at first sight, almost impossible to sup-

pose that the limestone ik not tn sifu here, but, on either side of t^e ridge, these

blocks are seen* to overlie* the edges of nearly vertical beds of the Dunghan and

Spintangi groups.

The most interesting and impojtant of the recent deposits are, however, the

* numerous valley plains of fine-grained loess or alluvium.,

lains^*^^
These vary in size from the numerous small Thais on the

- hillsides, too small to be distinguished on the map^ to the

great plain of Thai Chotiali, and the still greater plain of the Sibi Pat.”

The Thais are small hollows, perched about the hillsides and on the bill tops,

some due to solution of the underlying limestone, others to small lanti^slips, in which

accumulations of dust and rain wash, from the surrounding hillsides, form a very

gently sloping floor. They are mostly cultivated by the Maris» who have not yet been
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M4mand.

able to get over the objection, born in old predatory days, to cultivating the

valleys, where the crops are visible to every passer-by, and would probably have been

reaped by some other person than the man who sowed .them/

The larger plains, those of Mdmand, Samach, and Piir, as welj as some of the

smaller ones, evidently owe their origin to differential movements, or warping, of

the surface, by which the drainage was checked, and the accumulation of fine grained

deposits rendered possible.

I'he plains of Pdr and Mamand are both situated in Synclinal hollows of the

underlying reck ; in the latter case the old escape of the

drainage can be traced on the south side of the plain, and
the old river gravels, deposited in former times when the streams flowed across«>the

area now covered by the plains, extend over a low divide and slope gently north-

wards under the loess. The deposit which fills the hollow that was formed is fine

and Uniform in grain, of a pale grey colour, and very calcareous
; the very few and

shallow sections exposed show no signs of stratification^and there seems no reason to

doubt that it is, in the main, wind blown leess, derived from the dust blown off the

surrounding hills, supplemented to some extent, near the margins of the plains, by
*

matter brought in by the streams. The history of the plain is evidently as follows

:

At first there were river valleys of the ordinary sort draining to the south. After

these had beenw^l excavated, the compression to which these hills have been sub-

jected csiused theVfream bed south of the'^Mdmand plain to rise at a greater rate

than the stream couldIfVjut down its channel. The first result of this was to form a

deposit of gravel filling up the hollow, but the rise of the barrier went on at a greater

rate than the deposit, and a hollow was formed which the materials brought down
by the stream could not fill and from which the dust that accumulated could not be

washed away ; so the loess gradually formed and by^degrees spread over the gravels,

hiding them and obliterating all minor inequalities of the ground to form a nearly

level plain, now cultivated over almost the whole of its area. The whole of this pro-

cess, from thp original carving out of'tSe valleys to the formation and filling up of

the basin, every stage of which must have been very slow and gradual in its progress,

had taken place since the deposition of the subrrecent gravels mentioned above,

and, when it is remembered that these are among the latest members of the tertiary

period, if indeed they are tertiary at all, it gives a most striking indication of the in-

comprehensibly vast periods of time which the geological record must necessarily

cover, •

The Samach plain differs from that of M4mand in being formed on the crest of

.
" an anticlinal, but its origin is ndhe the less- evidently due to

' differential movements of the surface. Its history has been

as follows : In the first instance an anticlinal bill of Dunghan limestone was formed,

]^ose Crest Was broken through by denudation, exposingbthe easily denude^ shales

of the lower part of that group and the .Belemnite beds, and a tolerably de^ valley

was consequently formed* but the drainage of this valley had«to cross the axis of the

anticUnal, smd, in bonsequence of further compression, the ground along the axis rose

abdJcheoked thw di|inage, after which subsequent history was much the same

:
ji

aomewlwit from those of Mtoand in

ll^ether they aie.tSKteareoSis or I forgot to note, htk their colour is
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a reddish bro\(*n, and they are much more loamy in appearance and texture. The

difference w doubtless due to the amount of fine grained argillaceous matter washed

down into this plain, whereas at Mdmand the bulk of the debris brought down by

the streams wa& limestone gravel, which came to rest close to the ed^e of the

hills. *

In the Saipach plain we can see the beginning of the end, for the barrier has

been partly cut through and the stream has cut .back into the plain, converting

its eastern end into a* maze of perpendicular-sided ridges and channels, while

the rest of the plain still preserves its original «mooth surface.

The other plains of loess present very much the same character and history as

* Thai ChotlAli
these and do not require further notice here, but the great Thai

Chotihli plain, 45 miles in length and 12 in breadth, presents

so many features of interest that it cannot be passed over without some mention.

The western half of the plain is a barren treeless expanse of pale grey loess, at

first sight level throughout, hut having in fact slight gradients to the west and south,

where water collects after heavy rain. In the eastern end the soil is of a reddish

colour and is less of a dead level, some slight rises being perceptible, especially

near Gumbaz
;
and along the banks of the stream, which flows past Gumbaz and

Chotidli, there is a park-like strip in which tamarisk and poplar trees shade the

stream and are dotted about with green sward under their sh^«^forming a view

not unpicturesque in itself, and positively beautiful by ccntr^Twith the barrenness

of the surrounding country. The Karfihi plain, 'too, is in spiring a mass of verdure.

In March last its centre was occupied by an expanse of water in which numberless

waterfowl and waders were disporting themselves, and on the stretch of ground

surrounding it countless herds of sheep, cattle, goats, and donkeys were grazing.

The fine grained deposits of the plain are of two distinct types. One of these is

pale grey in colour, highly calcareous and very obscurely stratified. It corresponds

to the loess deposits of the Quetta plain. ^The otheif is of a reddish brown colour,

imperfectly but distinctly stratified, which appears to correspond to the undisturbed

equivalents of those beds which, in the Quetta district^ have been classed as Siwalik.

The drainage of the plain presents features of interest. On the north two »ion-

siderable streams enter the valley. One of these drains the Sinjdwi valley and fiov's

past DUki. The ordinary ^ow of this stream is entirely absorbed by cultivation and

tUe flood waters spread out over the plain, partly soaking into it, partly accumulating

in the hollows, whence they gradually disappear by percolation and evaporation.

The other is the Hanilmbar stream, which is joined near Chotidli,by the Narichi

flowing from the east, and^the combined waters flow out through the hills at Tang,
or, as it is more commonly called, the Ghdti bridge, being there, and for the rest of

their course to Babar Karh, known as the Beji river.

This, the only* outlet for the drainage of the Thai Chotidli plain, ia not the origj-

p . . nal course of the drainage, and is, moreover, of very recent

let.

ov
•

jjg either side qf it are low,, and slope

* gently to the stream,^ which does not flow in any deep cut

gorge or steep-sided valley marking the long action of denudation. There are no

traces of river gravels, and in the plain above the bills the stream flows in .a narrow

P&tciv.
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Old
Beji.

course of the

"channel of ao to 30 feel deep, from which two nullahs are culling back on either side

into the loess deposits along the foot of the hills. Everything marks the oiJtlet as

geologically of very recent origin. The stream bed*, after entering the hills, is

formed by deep, stagnant reaches, separated by small waterfalls orcrapids, where the

water flows over a steep slope of angular debris. The deepening of this channel
must proceed slowly, for it can only take place through the power ,of the floods to

tear angular masses of rock outtof its bed, the waters having been deprived of all

solid matter, too coarse to l:e carried in suspension, long before they cross the plain-

This absence of pebbles borne along by the water ha.s deprived the stream of much
of its abrading power and the outlines of the stream bed, and of the loose

fragments in it, are everywhere almost angular. Occasionally, however, they exhibit

indistinctly the same sort of sculpturing as is seen on rocks exposed to the action

of wind blown sand,^ which is in this case caused by the fragments of sand carried

along in suspension by the water.

After a course of a couple of miles, down what has all the appearance of the

valley of a small tributary stream, as in fact it originally was,

there is a broad open valley leading up to the west, and
immediately beds of river shingle appear. Following up

this side valley it can easily be recognized as the old outlet of the river, which once

gathered all the"\>aii)age of Thai Chotidli. It is broad and open, and the G ha iij

^ales, which are tfest-rock in silu, are very "little seen, owing to a cover of river

gravels cut into by flumerous small stream beds. The surface of this gravel deposit

gradually rises to the west and ultimately forms a broad and almost imperceptible

ridge at the eastern end of the Kardhi plain. The same gravels are seen in the

ridge of low bills, which runs east and west, north of the Kardhi plain, where they

are disturbed, forming in places the whole of the ridge, but, in others, only a skin

over a central core of older rocks.

We have here the old course in which the ji river flowed
; its flow was checked

by a rise of its bed along the anticlinal which runs, south of the Kardhi plain, and

finally closed by the rise of itfe ground at its eastern end. The formation of the low

hi/is, separating this from the main area of the Thai Chotidli plain, was of later date,

knd it is noteworthy thatHhese hills lie along the continuation of a distinct anticlinal.

The evidence that the compression and folding of the strata did not take place

at one definite period and than cease, but that it has been a
History of the plain.

gradual process, going on conconiitantly with the erosion of

the river valleys, is peculiarly abundant in the Thai Chdtidli district, and it would

be most interesting to work out the details with greater thoroughhess than I was

able to do on my somewhat hurried visit. We have first a certain amount of dis-

turbance, the formation of a large drainage basin and extensive denudation.

Then we have earth movements by which an area of cldSed drainage was formed

and deposits accumulated; at a subifequetit date a further movement caused the

elevation df the low faiils betureeh Ismail Khan and the Karihi plain, and, at a
.still lutet date,^ome of the fine grained loess deposits along thi margin of the

blidge have tJeen locally elevated and deeply cut into

MtmnwWlo the surface of the plain had gradually risen,

; * RM(»ds,Vol XXI, page 159.
'
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extending up a small tributary valley which originally flowed northwards past where

the Ghiti bridge now stands, till its level reached that of the divide. Some of the

flood waters then flowed over this and, washing away the weathered and easily

removable rock at the surface, established a defined channel, along which much
of the drainage now escapes. Such are the main points in the history of the Thai

Chotiali plain.

Economic geology.
The economic results of the last season’s work have been

as disappointing as its purely geological results have been

interesting. ,

Traces of petroleum are widespread, and were found in the limestones of the

Petroleum
Dunghan group at several spots throughout the area surveyed.

It is most concentrated along the Khattan anticlinal. Old

flows can be found in the D^s valley, and, in a corresponding valley, which drains

the south side of the anticlinal. The shows are most abundant about the horizon of

the red sandstone mentioned jn the description of the Dunghan group. It is worthy

of note that where this group is most profusely fossil iferous, most conspicuous

signs of petroleum are found, and it is impossible not to hazard a guess that the

coincidence is not accidental. As this petroleum has already been noticed in a pre-

vious paper ^ and been made the subject of a special report, 1 shall not enter further

into the matter.
,

Coal was found near Duki in several places, but the thickest seam seen only

measured 14 inches, so it is not likely ei^erto be of import,

ance. The distance from any centre of demand would very

niuch detract from its value even if good seams existed.

Gypsum was observed in great abundance and thick beds, one measuring 50 feet,

Gypsum Mdraand and in the Khattan valley; it will be long

before it is worked for profit, though it is of excellent

quality, and, if it could be easily got out, could be used for ornamental purposes.

Petrological Notes on the Boulder-bed of the Salt Range, Panjib, C, S.

MiddlemisS, B.A., Geological Survey of India,
A

• Introduction.

The rock-formation known as the Boulder-bed of the Salt Range is one that has

attracted much attention of late, as previous papers in the Records by Wartb, Old-

ham, Blanford, Wtfagen, Medlicott, and myself during the last few years can testify^*

It is unnecessary here to do more than shortly re-state what has now been definitely

established as regards its age and mode of formation. Instead of there being several,

crystalline boulder-beds at different horizons in the range, it has been abundantly

proved that there is but one bed forming a bottom layer to the Speckled Sandstone

stage and its eastern representative, and resting unconformably on tlie older palaso*-

^ Rec.,.Geol. Sarv. Ind., page 104 (1890).
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zoic rocks beneath. From the great frequency of polished, Strkted Bnd facetted

boulders set in a clay or shaley matrix, and from the identity of these characters

with such as are well k nown in pebbles of the boulder clay of the glacial epoch, it

has now been generally accepted that the Salt Range Boulder-bed is a witness that

glacial conditions prevailed over this part of the earth in palgeozoic times. Further-

more, it is conjectured with reasonable probability that the (in many ways similar)

bed in Peninsular India known as the Takhir is of the same age.

These facts and opinions being admitted, it occurred to me that a microscopi-

cal examination of the crystalline boulders, and a comparison of them with slices of

rocks from the Maldni neighbomhood—the conjectured source of the boulders—'

might bring out some positive points of identity between the former and their sup-

posed parent rock, whence they had been carried by the agency of ice. Although

no specific identities have been established, I give the following account of the

examination of a small set of typical samples of pebbles from the boulder-bed, in the

hope that, ultimately, their actual source may be tracked down^

No. (i), yit> (iV-^.—The first number in brackets is my own running

number, the second is the registered number of the rock specimen, and the third

the number of the microscope slide). In the hand specimen this boulder appears

to be a coarse gneiss qt gneissose -granite, roughly banded, and containing pinkish

felspar, clear quartz, andSnuscovite. In a fairly large slice prepared for the micro-

scope the gneissose «trlicture is not noticeable. To whatever cause the banding of

the rock be due, it may be remarked that it ih of a different type from that usually

found in the gneissose -granite of the Lower Himalaya. There is neither augen,

lenticular-tabular, nor tabular structure, as in the latter.

The minerals present, in order of importance, are quartz, plagioclase, muscovite,

biotite, magnetite, and apatite. In another section of the same rock Mr. Holland has

recognised much pinite.

The quartz is present (i) in large grains composed of aggregates of distinct

optical units. Magnetite and apatite are includecf in the quartz grains in small

quantity. The usual minute inclusions forming dusty-looking lines traverse each

grain, and there is also seen a fine parallel striation indicating zones of growth.

With crossed nicols these dusty-looking lines of inclusions and the parallel striation

are seen to pass without defiection through several of the optical units into which

the grain then splits up. The individual units of this polysynthetic group are

generally irregular in shape, but at the same time showing an approximation to a

hexagonal outline. The distinctness of the units from Un optical point of view and

their material continuity, are shown in a rather thick section by the rainbow halo
'

round each where it overlaps or is overlapped by its neighbour. (2) Quartz is also

prei^nt along certain lines in the slice forming a finely gKtnular mosaic with plagio-^

filase and inuscovite. These lines probably coincide with the macroscopical band*

ing Of the rock, and are due to Crushing of the mass.

The polarization colours and extinctions of the optical units of the quartz aggre-

gates are generally onHorm in each unit ; but locally a unit shows a watered colour

|[|iianks are dne.tb MejwrS), P. Lake and T. H. Holland, of the Geological Snrvey, for
'

r

* - .



3 »part I.] Middlemiss: Boulder-bed of the Salt Range, Panjdb.

(brilliant purple and azure blue, or pale lemon and deep ochre) with a slightly

undulose extinction.

The felspar (i), life the qliartz, occurs in large irregular grains, with a defined

but irregular border next the large quartz grains, but with a ragged and inter,

mingling border next the finely granular mosaic of quartz, felspar and mica. It is

somewhat opaque, and generally includes many fine needles of apatite. It some-
times presents a sharp and fine twinning on the albitP plan, and at other times broad
and often irregular lamellae which merge into each other insensibly. The ends of

the twin lamellae at the border of a felspar graip are often bent, sometimes spread

out like the fingers of a hand, and sometimes completely ruptured. One felspar is

ruptured along two lines crossing at right angles the twinned lamellae, so that on
each side of the lines of rupture they do not join properly. In this section of felspar

also undulose extinction is prevalent. (2) The felspar is also present as a consti-

tuent of the granular mosaic.

The muscovite (i) is present in irregular packets of the usual kind in granites,

but with slightly bent folia
; (2) in the granular mosaic; and (3) as a cryptocrystal-

line aggregate in patches among the mosaic.

The biotite is only found in a small nest with cryptocrystalline structure.

The magnetite in minute proportions is dotted through the slice.

The apatite in minute characteristic highly refracting prisms and hexagonal sec-

tions is chiefly confined to the felspar, • -

This specimen resembles in a general sort of .way No. |§, 769 from Daolatgar

Ajmir, but not sufficiently to make it probable that the boulder came from that

locality.

No. (2) -sf-g-, 651. In the hand this rock also is seen to be a coarse gneiss or

gneissose-granite, but not so coarse as the last specimen. It possesses deep flesh-

coloured felspar, much biotite, and the quartz is of a dark bluish grey tint. The
banded appearance is fairly well seen.

In thin slice under the microscope the ifialvidual minerals are better seen and

are as follows:—Quartz, felspar, l)iotite, magnetite, and,sphene (?)

The quartz in this slide is in two or three irregular grains, but not so distinctly

separated the one from the other as in the last section. As before, however, it is

made up of a large number of optically distinct individuals, whose shapes, though

sometimes inclined to be hexagonal, are more generally elongated in one direction

into lens'shaped bodies, separated round their margins from each other by a very

fine-grained mosaic of apparently powdered quartz. It is evident that differential

movements of the particles 9f the original grains or layers of quaftz have taken

* place along waving^lines so that it has been sheared after the manner of the felspars

and quartz in the microgranulitic rocks of Khairna described by me (Re<g., G. S. of I.,

XXIII, pt. i). In addition, .every one of the optical units, when they are in the least

lens-shaped or irregularly drawn out, show blu/red colours with crossed nicols, and

completely undulose extinctions. The general appearance then is not unlike that

of 'marbled
'
paper. So far these lenticular and irregular optical units, with the veijy

fine mosaic between them, are only well seen with crossed nicols, and thei lines of

minute inclusions pass uninterruptedly from one to the other. But there are still other

parallel fissures and cracks filled in with secondary quartz or with powdered residuum

from the original walls, and these can be seen quite plainly without the aid of polar-
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ized light. Magnetite is enclosed in the quartz in small crystals and dusty grains,

and so also are a few crystals of sphene (?). The extremely minute inchisions in the

quartz throng the substance in swarms. They, together wfth the magnetic dust,

may presumably be the cause of the blue colour of the quartz, so noticeable in the

hand specimen.

The felspar is in very irregular grains and throughout the slide is generally

altered into a finely granular aggregate, among which patches of small size in the body
of the felspar, and of larger size at the margins, remain unaltered. The unaltered

parts show a very fine lamellar structure as if the result of twinning. Sometimes it

displays the ‘ plaided ’ appearance of microcline. Lines of differential movement,
which have been remarked in connection with the quartz, are also observable in the

bending and waving of the felspar lamellae. Undulose extinction is also prevalent.

The biotite is in irregular layers, and markedly illustrates the mechanical deform"
ation of the rock.

Magnetite is sparsely disseminated through the slice in small grains and crystals.

No. (3), ^1^, 652. Macroscopically it is a coarsely granitic or gneissose rock,

mottled red and black. Only a faintly linear arrangement of the minerals is visible.

Under the microscope the slide appears as a finely granular intergrowth of

quartz and felspar grains, sometimes becoming regularly micropegmatitic, among
which larger idiomorphic crystals of felspar, sometimes with well-preserved outlines,

are thickly strewn. *
>,

•-

The felspar is by fur the most. largely represented in this slice, and it has some
very complicated characteristics, (i) It occurs in rather large crystals, the crystal-

lographic outlines of many of which are fairly distinct. The central portions of thfcse

are much darker than the outer zones. Other less distinct indications of growth
zones can alsO be seen. Several of these felspars appear to be untwinned. They
extinguish light at once and completely, without any banded polysynthetic twinning

coming into view. Others show a very faint striation, which becomes just visible

when the point of maximum extinctioif of the section as a whole has been reached in

revolving the* stage of the microscope. Others again show a very fine sharp lamellar

twinning, and others the ordinary aspect of microcline. (2) Felspar also occurs in

small micro-crystals irregularly scattered as inclusions in the former. (3) It also

occurs in a sort of micro-granhlitic ground-mass between the larger constituents of

ftie rock. ^ ts associated with quartz in an ill-defmed micropegmatite.

The quartz is present (1) in large grains often marginally passing into (2) micro-

pegmatite; also (3) in smaller grains as inclusions in the* larger minerals; and (4)
in the micro-gi'anulitic ground-mass. «

A badly preserved green mineral in small quantities in nests is present,

lilagnetite and apatite are also represented.

The whole rock is very much confused, but it does not suggest any form of

*imefhaoiiC9tl deformation. I should bp mucb*puzzled to specifically classify it.

No. (4), 653. In the hand this appears as a fine-grained granitic rock of

feddish bybwn colour.
: ^

JUtider the miclrt^cope the slide reveals a medium-grained granitic rock, com-
dotted about irregularly in a slightly finer ground-

IV’compost'd' 1^. smnllof grains of quartz and microcline, with a little

a ^eett 'h^es^t^hombiende (?)
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The inicrocline is in places intergrown with the quartz but in an irregular way,

the structure merging into an ophitic structure, wherein plates of microcline include

small quartz grains.

Small portions of a green mineral, probably hornblende, are seen, much dis-

figured by alteration and deposition of oxide of iron, which has spread about in

between the other constituents of the rock in the neighbourhood.

In many parts of the slide original magnetite, is disseminated in small well-

formed crystals.

The whole rock has a very pellucid and defined appearance, and, wdth the ex-

ception of the green mineral, has suffered but little alteration, nor are there any

evidences of dynamic metamorphism.

No. (5), 654. The hand specimen is a dark purplish-grey, compact rock,

with large, somewhat eye-shaped porphyritic crystals of flesh-coloured felspar. It

contains inclusions of a dark compact probably hornblcndic rock.

Microscopically it appearj as a typical micro-granulitic rock, containing porphy-

ritically developed (i) large rounded grains of quartz of unifoim crystalline struc-

ture; (2) felspars altered in many places, but possessing finely-twinned lamellm stich

as characterize plagioclase and also broader twins of another kind superposed. One
section of felspar exhibits a simple binary twin.

There are a few patches of ill-defined greenish mineral, ;\diich has apparently

suffered much alteration.
*

The micro-granulitic ground-mass is in many parts mirfutoly micropcgmatitic.

The quartz of the ground-mass can be picked out in ordinary light from the felspar,

wliich is slightly yellowish grey in colour. In this light the micropegmatile can be

seen very distinctly, and it appears to constitute a considerable portion of the ground-

mass. It seems at first sight that the intergrowth of the quartz and felspar has taken

place at innumerable centres in the ground-mass, separately, and not uniformly,

over large spaces.

Magnetite is present in small quantity in Aiinute crystals and crystalline aggregates.

No (6), 655. 1 ’his rock is of common occurrence and may be said to

characterize the Boulder-bed. It appears in the hand as a fine-grained, flesh-red

granoi)hyre, with blebs of blue quartz and hornblende in small quantities.

Under the microscope it appears as a beautiful micropegmatite, with quartz and
felspai porphyritically developed,

I'he micropcgmatitic structure is very distinct and ext:emely beautiful. By
ordinary light the pellucid quartz is visible in uniform, or triangular individuals

with truncated apices, and itinged in lines or in more or less vermicular and parallel

• streaks converging towards centres, lines or round porphyritic quartz and felspar

crystals. There is thus a faint tendency to what is known as centric structure. The
clear quartz individuals, thus arranged, appear inlaid in a pale yellowish-grey matrix,

.

the lat'er being altered felspar, which still reiains considerable power of lightening

and darkening uniformly between crossed nicols. The whole of this micropeg-

matitic ground-mass, when the nicols are crossed, splits up into differently oriented

optical groups of units, without any particular shape that I could discover, except

that the groups are bounded by more or less straight lines. Each optically uniform

quartz group is approximately coincident with each intergrown optically uniform

felspar group, though they do not extinguish*light simultaneously.
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The generally accepted theory of eutectic compounds crystallizing often in a

pegmatoid manner, that is to say, by mutual simultaneous intergrowth, ia^one which
has a great deal of evidence in its favour. There is one point, however, that I would
notice in connection with the question, namely, the apparent difficulty of always dis-

tinguishing the so-called quarts of corrosion structure from a product of mutual in-

tergrowlh of quartz and felspar. There seems to me to be a more than superficial

relation between the two. I havp referred to this point before (Rec., G. S. of I.,

XXli pt. i), and it has again been brought to my mind by the recent paper by M. Al.

Lacroix on the scapolite-bearing rockjs of Ceylon and Salem translated by Mr. Mallet

(Rec., G. S. of I., Vol. XXIV, pt. 3). It seems to me that quartz of corrosion in

felspar, and quartz intergrown with felspar, may sometimes resemble one another

so nearly that it is difficult to believe that they had an entirely different origin in

each case, namely, by subsequent corrosion of the felspar with deposition of

secondary quartz in the one case, and by mutual inter-growth and crystallization of

the two minerals in the other case.

Among the micropegmatitic ground-mass there are grains of quartz of compound

crystalline structure but much cut up by fissures. These fissures are sometimes

widely open and show either invasions of some green mineral or of the altered felspar

material. Crystals of felspar very much altered like that of the micropegmatite, but

with regular outlines, are seen scattered through the ground-mass : and occasional-

ly round them and round the quaitz thcle is a partial coincident extinction of

the micropegmatite.. The felspar shows no compound twinning indicative of plagio-

clase
;
there is one binary twin in the slide, •

There is a little green mineral in the rock which is probably altered hornblendO,

and magnetite is very scarce.

No. (7), irst ^5^- Macroscopically a black rock, with compact pitch-stone-like

matrix, containing small white and pink patches of quartz and felspar.

Microscopically the slide appears as a quartz-felsite or quartz-rhyob'te. ‘ The

ground-mass is yellowish or brownfblf-grey in ordinary light with flow-structure

extremely prominent. The t ground-mass is not ‘of uniform colour or structure.

Portions are more or less glassy, and remain dark between crossed riicols
; other

portions are finely felsitic, and others again finely spherulitic, giving an assemblage

of black crosses with crossed nicols. It seems probable that the different nature of

these patches indicates that the whole did not solidify at once, but that half-solidified

portions of a flow were broken up and then half fused over again.

Quartz is present in clear, single, idiomorphic crystals, occasionally corroded at

the edges. Felspar is scarce, but not entirely wanting. Magneiite is relatively

abundant, as small crystals, or groups of crystals, and also in streaks and shreds

following the direction of the flow-lines.

. There are lacunae and small patches of viridite.

No, (9), 658. In the hand a fine-grained trappoid rock of black

colour.

Under the microscope this appearjg„ as a clastic rock, an ordinary grit of very

fine grain. There is a pale yellowish green mineral giving aggregate polarization

colours between crossed nicols, probably decomposed mica ; Magnetite in grains is

ibia, (9a), yIt, 659. This is also a fifte-grained clastic rock, finer than the last.
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No. (lo), 660. In the hand this is a banded mica-schist containing black

mica and quartz.

The microscope slide displays a typical crystalline mica-schist, with dark mica

and a fair amount of orthoclase and plagioclase besides the quartz. The dark

mica is of olive green tint, though there is a little white mica as an accessory. The

packets of biotite arrange themselves in among the quartz grains and are sometimes

bent. In ordinary light the ground-mass of quartz,is quite transparent and structure-

less, save for a few small inclusions, probably minute garnets. With crossed liicols

it breaks up into an irregular aggregation of deferent optical units, most of which are

irregularly lens-shaped, with the long axes parallel to the foliation, Undulose

extinction is frequently observable in the quartz. That the rock has succumbed

to pressure at right angles to the foliation I have no doubt, but it seems to me a

probable surmise in this case that the rock was formed originally as a mica-schist

under enormous pressure.

No. 661. MAproscopically a dark grey quartzite.

Under the microscope it appears as a typical quartzite.

The most noticeable feature in this slide is the abundance of large inclusions in

the quartz grains.

No. (12), -4,^, 662. A dark purple quartzite (?).

Microscopically it contains much felspathic material and might represent a

metamorphosed arkose.
*

No. (13), Macroscopically it is a purplish grtiy,.,fine-grained volcanic

ash (?).

Under the microscope it contains apparently a fine-grained fclsitic ground-mass^

with an indefinite parallel-banded structure. .But it has some curious features. The
whole of the ground-mass does not split up into a mosaic, but there appears to be

underneath it all a completely isotropic base in which crystalline particles show up
here and there.

There are grains of quartz scattered abbiit in the matrix, but they are all much
split and broken. None of 'them possess those corroded outlines so common
among the quartz-grains of quartz-felsites. There are some crystals of felspar with

binary twins, also much fractured.

Much opacite occurs in smudgy streaks.

The nature of the ground-mass, and more especially the slight difference of

coarseness here and there, together with the angular and fragmentary state of the

crystalline contents therein, which at the same time are not corroded, lend colour to

the supposition that the rock is a volcanic ash composed chiefly of felsitic material.

Besides the general resemblance between Nos. tIt and {'g already alluded to,

there is nothing hut a distant family likeness between other boulder specimens and

the few slides of Melani and other rocks sent,me. The family likeness consists in

the prevalence among certain specimens in both sets of rocks of a more or less

.

pegmatoid structure. Identities of type are, however, wanting at present. We can ,

gather therefore nothing more than a faint suspicion that the rocks of the Boulder

bed were originally derived from the south, rather than from the north.
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Subrecent and Recent Deposits of the valley plains q/* 'Quetta, Pishin and

the Dasht-i-Bedaolat; with appendices on the Chamans Quetta; and
the Artesian water supply of Quetta and Pishin : by R. D. Ol-DHAM,

A.R.S.M., F.G.S., Superintendent, Geological Survey of India

(with one Plate).

Occupying a position intermediate between the highly disturbed tertiary and

pre-tertiary rocks of the surrounding hills and the undisturbed recent deposits of

the valley plains of Quetta, Pishin and the Dasht-i-Bedaolat, come the beds which

were described as g4j by Mr. Griesbach,^ and subsequently classed as siwalik by

Dr. Blanford.®

Siwalik they may be as regards their age, using the term siwalik for all upper

tertiary beds ranging in age from miocene up to the latest pliocene, but they must

not be confounded with the true, or what may be called marginal, siwaliks of the

outer hills. Th' contrast is especially striking owMng to the close proximity of the

two types; in the area intervening between the BoMn and Harnai routes to Quetta

the hills are fc med of siwalik beds, which extend continuously to within a few miles

of the Quetta plain, apd, throughout this area, they maintain a very constant struc-

ture. At the base there i‘S often a small thickness of clean grey or greenish sand-

stones, with a few strings of pebbles or thin bands of conglomerate, but, with this

exception, they show everywhere that increase in average coarseness of texture from

base to summit, which is one of the most constant features of the true siwaliks.

Near the base of the section the series is essentially an argillaceous one, the prevail-

ing rock being a red or brown earthy clay; above this the beds gradually get more

sandy, till sandstone is the prevailing rock and in this pebbles appear and gradually

increase in abundance and size, till the uppermost beds are almost entirely coarse

conglomerates.

The siwaliks of the valley plains differ radically in structure from these. Where

exposed on the northern terminations of the Chehiltan and Mash^lak ranges, the bot-

tom beds are composed of angular or sub-angular debris’of the same cretaceous and

lower tertiary rocks as form the summits of these ranges ; they are in fact identical in

structure, appearance, and doubtless in origin, with the talus and fan deposits, which

are at the present day being formed along the margins of these ranges. These beds

are succeeded, without the intervention of any well-defined zone of medium grained

deposits, such as sandstone, by fine grained clays and sarfdy beds. Where they have

been disturbed and elevated, these have been cut into a network of low hills, abso-

lutely bare of vegetation, and showing most conspicuously the bright colouration of

the material they are composed of. Elsewhere, however, these. beds tail off to a

horizontal dip and cover a large area in the valley plains, extending continuously

across the valley at Bal^li, and abutting against the foot of the ridge pierced by the

Murghi pass, where the relation of the hjgh dipping cretaceous limestone to the hori-

zontal red clays is evidently one of original contact. This, taken with the nature

of the bottom beds in the Chehiltan and Mashdlak ranges, makes it clear that these

^ * Mem., Gaol. S^rv*, Ind. XVIII, i8,

* Mem., GeoK Surv., Ind* XX, 115.
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clays have been deposited since the elevation of the mountains bounding the valley

plains of Quetta and^ Pishin.

The siwaliks of the hills, on the other hand, are as clearly shown to be older than

the elevation of these hills, not only by their forming an integral part of them and

their highest peaks, but by the parallelism of stratification between the lowest beds

of the siwaliks, and of the beds on which they immediately rest in unconformable

contact. There is certainly a considerable lithological resemblance between the

clay of the valley siwaliks and the clay zone at the base of the siwaliks of the hills,

and it might be held that these were originally continuous and had since been sepa-

rated by the elevation of the hills. On this supposition the junction of the valley

siwaliks with the cretaceous limestone near Baldli would be a great faulted boundary,

the faulting being concealed by a small thickness of subsequent deposits at and near

the surface
;
such a supposition is just barely possible were there not weighty reasons

for rejecting it. The most important of these is the impossibility of accounting for

the absence of the great thioknessof sandstone and conglomerate, forming the upper

portion of the siwaliks of the hills, which must formerly have extended over the area

occupied by the valley plains, and whose complete removal is inexplicable if their

stratigraphical position were that of conformable superposition on the clays of the

valley siwaliks. On the other hand, their thickness, close up to the limits of the

valleys, shows that, in their original extension, these conglomerates and sandstones

must have spread far beyond the present limits, determined by disturbance and

denudation, over the area now occupied by the Valley Siwaliks; and, as these latter

jcannot be older, the only alternative is that they are newer than the siwaliks of the

hills.

The conclusion is strengtnened by a feature in the structure of the siwaliks of the

hills. Instead of forming a single conformable system, they form two unconform-

able divisions, of which the older,— that which is referred to in the preceding

passages,—was formed before the elevatiqn, of the hills and the great disturbance

of the underlying beds; the other or newer, which is almost entirely composed of

conglomerate, dating from a period when the older rocks had not only undergone

nearly the whole of the .disturbance they have been subjected to, but had been

carved into deep valleys, and the present drainage system to a large extent al-

ready defined. The newer conglomerates rest with a marked unconformity on

the eroded edges of the highly disturbed tertiary and cretaceous beds, as well as of the

older group of the siwaliks. They can be seen in the Gandak or Sarakhiila valley,

where their presence has been recorded by Dr. Blanford. They form part of the

hills, east of Khanai, and an outlier of the same conglomerates forms the cap of a

very conspicuous hill which rises above the railway line between Fuller's camp and

the Bostdn valley.

To the west o'f Khdnai, the northern extension of the Boston valley is bounded by

a ridge whose surface is covered by a shingle of limestone and chert pebbles, evi-

dently derived from the weathering of conglomerate beds. Owing to weathering of the

beds and the absence of deep-cut stream gorges, no good exposures of rock in stiu *

are seen in the conglomerate zone, but the contour of the hills, no less than the

structure of the higher parts, shows that the dip of the beds is noith-westerly, and ^

' Mem . Geol. Surv
,

Irid. XX, p. 185*
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that these conglomerate beds graduate upwards, with a more gradual transition than

in the Mashdlak range, into the clay beds of the Pishin valley siwaliks. Now it

seems natural enough to regard these conglomerate beds as closely related to those

which unconformably cap the disturbed beds of the hills, east of Khdnai and, as

these are youngest beds of the siwaliks of the hills and the former the oldest beds

of the siwaliks of the valleys, the relation between the two is evident.

It will be seen, from what foHows, that these siwaliks of the valleys graduate up-

wards into the recent deposits of the valleys and that, in spite of local unconformi-

ties, the process of formation has bee,n continuously going on in one part or other

of the area under description. We have, consequently, another illustration of the

two truths that are constantly being borne in on the geologist who works among

the uppertertiary beds of extra peninsular India,—(i) that there is no real distinction

or constant horizon of demarcation between the deposits of uppermost tertiary and

of recent age, and (2) that in beds deposited subacrially in a region that has been

undergoing disturbance and upheaval during the perio/J of their accumulation, the

stratigraphical value and signification of an unconformity is very different from what

it has when found among beds of marine origin.

The siwaliks of the valleys graduate into the next type of deposit to be considered.

In the Pishin valley the gently inclined siwaliks, which form the low range of hills

lying between the heai-quarters of the district and the broad Pishin plain, have alow

westerly dip, which gradually flattens off to horizontal, and pass, with perfect transi-

tion, underneath a sdries of fine grained, distinctly stratified, alternating beds, mostly

thin, and varying from fine clay to fine grained sand. Very good sections of these

beds are exposed in the vertical sides of the numerous nullahs which ramify through

them, and especially in the high cliffs which border the bed of the Lorah, and their

distinctly stratified nature proclaims them to have been formed by aqueous action,

while the absence of anything that could be called a coarse grained deposit, and the

rarity of even slight traces of false bedcjiiig, show that they must have been deposited

in still water. In these features the beds bear considerable resemblance to a lake

deposit, and, so far as their appearance is concerned, they might well be of such an

origin., It is, however, very improbable that, with so small a catchment area, a large

lake could be formed in the dry climate which appears to have characterized Balu-

chistan throughout the recent period of geology, nor are» there any beach terraces,

such as one would expect to find had the Pishin valley ever been occupied by a lake.

But, though it is improbable that a permanent accumulation of water occupied any
portion of the Eishin valley during the recent period of geology, it is more than pro-

bable that, before the outlet was deepened by erosion and so allowed the streams to

cut deep channels through the plain, large areas of it were subject to temporary
flooding after every heavy fall of rain on the surrounding hills. The water, as it

left the hills, would carry with it debris of every degree of coarseness, but as soon as

Its velocity was checked, all the larger ‘particles would be deposited, and the depres-

sion would be filled with water, bearing only fine particles of mud and sand in sus-

pension* These, after a while, would snfiside, and the water would* dry up, by the
combined effect of evaporation and percolation, but the next flood would bring down
a fresh supply of material to be deposited in a thin layer on the top of what had
gone bdoiie* »
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The process here described can be seen at work on many of the valley plains of

the Balucbistjfn hills and, as the lowest-lying parts are most often flooded and con-

sequently receive the largest addition of sediment, one of its most conspicuous

effects is a diminution of the surface gradients, till they cease to be perceptible to

the eye. Now, in the Pishin pla’n, there is a very conspicuous difference in the

surface gradients of the area occupied by these stratified deposits and that occupied

by the unstratified loess which will be described further on.

From the foot of the hills to the east of the plain,—if we except a narrow zone

in the immediate neighbourhood of the hills,^—there is no perceptible gradient over

the whole area occupied by the stratified deposits, but, from their limit, the loess

rises very perceptibly to the north and west, to the foot of the talus slopes of gravel.

This loess slope marks that portion of the plain which lay too high to be flooded,

while the rest is the lower-lying portion subject to more or less frequent inundation, in

which the gradient of the surface would be less, pwing to that more rapid deposition

in the lower levels which has been referred to above. It might, of course, be urged

that the present extent of the loess marks the encroachments made by the dry land on

to a pre-existing lake before it was finally drained, but, as far as the Pishin plain is

concerned, the sections in the tributaries from the north, which join the Pishin-Lorah

near Alizai, conclusively disprove this hypothesis. Instead of the loess being

found overlying stratified deposits, we find that there is a horizontal transition

from one to the other. The exact limit of each is not very definite and, to a

certain extent, they are found to intercalate • with each •other, a distance of a

quarter of a mile at places even of a’couple of hundred yards, being sufficient for the

complete replacement of stratified by unstratified deposits, thus showing that,

during a period of time represented by the gradual accumulation of over 30 feet of

deposit, the horizontal limit between the area which was liable to flooding, and that

which was not, remained much the same.

In the foregoing description I have only mentioned the stratified deposits in the

Pishin plain, but it must not be supposed i*hat they are confined to it. It has been

a matter of convenience to &ke Pishin as the typical area, because there good

sections have been exposed by the streams, and there, owing to the red colour im-

parted to them by the river wash from the siwaliks, they are more easily recognized.

In the closed drainage areas of the Dasht-i-Bedaolat and Gwende Dasht similar ac-

cumulations are being formed, but as they are composed principally of rain wash

from the loess, and consequently more uniform in texture, the stratification is

more obscure, while the absence of good sections, and more especially the identity of

colour, renders it more difficult to separate them from the true loesfe.^

As seen in the Quetta and Pishin plains the loess is usually of a pale grey or

yellow colour, fine grained in texture, firm enough to allow it to stand in perpendicular

cliff of 50 feet 01; more in height, porous and readily absorbing water and very slightly

permeable owing to the minute size of th^ pores. When broken down with water

the loess forms an impalpable slimy clay which, in drying, retains the shape im-

.

•

* The term loess is here used, in the sense which it has acquired, to designate a fine*

grained deposit not stratified, or only obscurely so, of iEolian origin, the sense in fact in which

it is used by the Baron Von Richthofen in his work on China, and without reference to any

consideration as to whether it is or is not the same in age or origin as the typical loess of the

Rhine valley. *
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pressed on it when moist, and is used for the manufacture of bricks of fair quality.

In the composition of the loess there is always a considerable proportion of carbon-

ate of lime, so that it effervesces freely with acid, and this is distributed evenly

through the mass in the shape of minute grains, which are doubtless dust derived

from the surrounding limestone hills. The other ingredients are equally minute

granules of quartz and of argillaceous matter, the last enabling it to be used as a

brick eartlj while the large proportion of lime renders it very easy to overburn the

bricks. Small calcareous concretions, or kunkur nodules, occur, but they appear to

be rarer than in the loess of China, aq,d I have not been able to detect the numerous

vertical tubelets which are described by Von Richthofen. In all other respects, both

of texture, composition, structure, and in the contour of its surface, it agrees perfectly

with the descriptions of that observer.

There can be no doubt that this type of deposit is really of jEolian origin ; not

only is the occurrence of finely comminuted limestone, most unusual, if not almost

impossible, in beds formed by water but the absence qf stratification points to the

same conclusion. Moreover, if deposited by water, it must either have been formed

at the bottom of a deep lake or in an alluvial plain. The shape of the surface

would not be inconsistent with the former mode of origin, but there are no traces of

those shore line terraces which could not but have been found had such a lake

existed. Were the loess, on the other hand, a subaerial alluvial deposit, we would

find a plain sloping gently in the direction of the stream, but nearly horizontal in a

direction transverse tp that, or even higher in the centre than at the sides ; such,

however, is not the shape oftne section across the Quetta or Dasht-i-Bedaolat plain^

where the lowest point is always in the centre, and the ground slopes upwards on

either side towards the hills. The most conclusive evidence, however, is to be

found in the widespread distribution, in height, of similar deposit, and its occur-

rence, in small patches, on the tops of hills and other places where an alluvial

origin is quite out of the question.

Jn none of these beds have I found aiTy fossils; the siwaliks and stratified beds

of Pishin have not been very cjosely searched, but I liave spent some time trying to

find remains of shells in the loess. So far, all that has been found are some

fresh-water shells, of the same species as are now living, in mud dug from some of the

swamps in the valley. I was also shown a specimen of black clayey matter containing

fragments of shells in a whitened and extremely friable condition said to have

come fiom a depth of 6o feet in the artesian^ boring put down in the Resi-

dency compound. The shells had been too much broken up by the boring tool

to be determined with certainty, but there is no reasoti for doubting that they

were fresh-water shells of existing species. The matrix was undubitably a swamp
deposit, and apparently quite local in its extent, for it does not appear to have been

met with in any of the other borings put down close by.

Of true fine grained alluvial deposes, formed by overflow of streams, as op-

posed to those formed in temporary stagnant accumulation of flood waters, there is

^
little to be seen in the area under consideration. The streams aB flow in narrow

channels, cut below the general surface of the Iplain, and in the bottom of these

* The specirren was not seen by me till after the boring had been completed
;
no proper

record of this well was kept, and the determination of the depth from which the specimen

came depends merely on the memory of the driller in charge.
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there are occasional stretches of alluvial land, but beyond this nothing. Coarse-

grained gravel deposit^ are however abundant and conspicuous in the broad talus

fans, which spread out from the mouth of every valley, as it leaves the hills.

I'hey are the often-described “ fans” or “ Cones de dejection,'* formed of water-borne

debris of various degrees of coarseness, the actual slope of the surface depending

on a variety of circumstances, the principal of which are the volume of water which

pours down in flood time and the average size of the debris carried; it varies from

about 300 feet to 60O feet per mile, slopes higher than this being found, but, I believe,

in every case these are due to disturbance sub«equent to formation. In the actual

channels usually followed by the streams the gravel is tolerably clean and easily

permeable, but over the greater area of the fan, where its surface is not now washed

by the streams, the stones are mixed w^ith a varying proportion of wind-borne dust,

which may even completely obscure the underlying gravel and form a surface of pure

loess. Sometimes, as on the north-east of the Quetta plain, the smooth glacis slope

of the fan is separated from, the hills by a region where the slope is steeper and
where the gravels have been cut into an undulating surface intersected by valleys.

The distinction of surface is very marked, and is difficult to account for unless

we suppose that part of the fan has undergone disturbance, by which its surface has

been thrown into a steeper slope than that at which the gravel is naturally deposited,

and, in consequence, the water flowing off has been able to cut it into hill and

vale.

Besides the gravels of the glacis slope or “ Dhdman,^’ the streams push long

tongues of gravel over the loess area and, as the streams from time to time have

altered their courses over the fans, the diiection of these tongues has varied accord-

ingly and they have been successively covered up by the gradual accumulation of

loess. One of these undergiound tongues of gravel formed by the Hanna stream

can be traced near Sherdil, two miles from the edge of the gravel fan, where an

area of some acres of ground is riddled with kardz shafts, some of which, lying

along a well-defined line, have struck gravel, while others have found nothing but

loess.

These stream deposits have been only cursorily described as they present no
important features of interest or novelty so far as their structure or mode of occur-

rence is concerned. Econoijuically, however, they are most important, for it is to the

longues of gravel that we must look for a supply of artesian water, while in the fans

themselves [is a source of w^ater-supply which, when tapped by the karez, is a

most important element in the agricultural economy of these valleys ^nd of all the

drier parts of Central Asia.

* A digression regarding the theory of the "karez .—As the theory of the karez 's a

matter on which much misconception is prevalent, it will be well to treat of it briefly.

The ordinary explanation is that an “underground spring” having been discovered,

a series of shafts connected by tunnels is made) by which the water is brought out to

the surface. This idea of an underground spring is extremely prevalent and
owes its origin t© the description of the natives who have frequently told me that

the water entered their karezes from springs. I have scrambled through the un-

derground passages of some of these karezes to investigate the matter and have

found, as might be expected, that the description is a natural but misleading one. In

a few cases the karez does appear to derive its supply from what may without great
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impropriety be called an underground s])ring. Such are the karezes between KucliMk

and Baldli which are driven through impervious siwalik cla}^s up to the foot of a

lin^stone ridge; it is not from the siwalik clays that they could derive any supply

of water, so it is probable that there are here springs issuing from the solid rock.

A still more striking instance is a short karez at Kardni driven, not into either of the

fans which lie to the north and south of the village but towards the hill where there

is no .stream valley of any size, yet this is not only the shortest but one of the most

abundant karezes I have seen : here, too, it seems probable that the water is supplied

by a spring issuing from the solid rock. Such cases are, however, very exceptional,

and, as a rule, the explanation, both of the real facts and of the origin of the miscon-

ception regarding the action of the karezes, is very different.

As the karezes are never lined in any way, it is impossible to drive them through

incoherent material charged with water ;
it would moreover be unnecessary to do so

as, if an incoherent bed of sand or gravel charged with water w'ere once struck, the

supply would amply satisfy the desires of the karez- diggers. The karezes,

then, after they enter ground charged with water, can only be driven through stuff

which is rendered coherent by a greater or less admixture of cementing material.

But this cementing material not only renders the ground firm enough to form the

sides and roof of the tunnel, but lessens the permeability of the ground and, what

we are more concerned with, makes it irregularly permeable. When the karez is

driven through such a deposit, the water will first of all drain aw^ay at those spots,

where it is most pernieable, very* probably washing out the fine-grained matrix and

forming a small channel penetrating to a greater or less distance from the sides of

the tunnel. Into this channel water will percolate and, instead of oozing from the

sides, enter the karez principally at certain defined spots, giving rise to what are

called springs. The origin of the commonly held idea is thus natural and easily

explained, but to call these “ underground springs ” is a misnomer and as mis-

leading as it would be to apply the same name to an ordinary surface well.

Having stated what is not, it is now necessary to describe what is, the correct

explanation of a karez. ‘ In fig. i a diagrammatic section of one of the gravel slopes

is represented ;
the dotted line /i./. represents the limit of permanent saturation,

that is the limit hlelow which the gravels are always charged with water even in the

driest season. Such a limit exists evi^tywhere, but the form of its* contour depends

on a variety of conditions, such as the rainfall, discharge of streams at the head of the

fan, p^meability of the gravels, etc., which need not here be considered in detail,

liow, K the karez hk, is driven into this slope, that portion of it which lies below the

}im will drain the sub-soil of its water and discharge this at the outlet.
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It will be seen from this that in its nature and mode of action the karez is only

a sub-soil drain
;
in both cases the object is to bring water which lies underground

to the surface, the only difference being that in the one case it is desired to obtain

the use, and in the other to get rid, of the water.

From the nature of the case these karezes are affected by the rainfall in a

marked manner,—a single dry season, and still mor^ a succession of years of defi-

cient rainfall, causes a diminution in the discharge pf the karez. Last year (1890)

the falling off of water-supply was very widespread and, so far as the diminished

discharge was only due to the dryness of the season, was not altogether an unmixed

evil, for it led to an energetic cleaning out and in some cases lengthening of the

karez which will improve its ultimate capacity. In a new karez, however, the

failure may be due to another cause, which is more serious, as it permanently affects

the supply of water, and may make this fall so low as to lead to the abandonment

of the karez.

When the karez /:.k, in fig^ i is first made, water will fiow freely into it from the

surrounding gravels in all that portion which lies within the original limit of perma-

nent saturation. But, after it is completed, a new outlet is provided for the sub-soil

water, the limit of permanent saturation will adapt itself to the new conditions, and

ultimately settle down with a profile which may be represented by the line p. p\ p.

T he subsequent history of the karez will now depend on the relative importance of the

causes which led to the sub-soil water briginally maintaining its level along p>p.p.

If the gravels were toleiably permeable and a considerable* supply of water was

constantly percolating through them, tl/e karez will settle dowm to a fair or abundant

discharge. If, on the other hand, the amount of water percolating was very small and

the level of permanent satuiation kept up by the impermeability of the gravels, the

ultimate conditions of the karez will be one of very small discharge.

I do not know to what extent this cause of failing supply of water has acted, or

is acting, but there can be no doubt that, except in the case of old-established

karezes, it must to a greater or less extent bi at work. I made many attempts to

collect information which would' bear on this point, but was baffled by ignorance,

reluctance to impart the information, or an inability, real or pretended, to understand

the points regarding which information was desired. I was unable even to arrive at

a trustworthy conclusion as to whether the reputed diminution of supply was as

common, or as extensive, as was complained of, and this, when we consider how
many reasons the proprietors have for complaining of a failure of water-supply and
the absence of any inducement to acknowledge an increased discharge, is not to be
wondered at.

* As might be expected in a country where water is so valuable and apparently

so mysteriously capricious in its occurrence, a class of men has arisen which pretends

to a special knowledge of the underground distribution of water and to them the .

planning of new karezes appears to be pringpally entrusted. I have not met any
of these men, but so far as I can gather they seem in some iases to possess a
certain amount of knowledge, partly inherited, partly the result of observation, of the

subject they profess. This is doubtless mixed up with a good deal of superstition,

but as their directions are received with the same implicit belief as their rulers grant

to the dictum of any self-styled expert," the shaft, sunk on the spot indicated, is

carried down till it reaches water, whereby the reality of his knowledge is proved.
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Meanwhile he takes care to conceal the knowledge—if he possesses it—that there

was no special virtue in the spot selected, and that there are manu other places

where a shaft would be equally certain to strike water, if given the same chance.

Should water not be found, his employer is probably informed—for there is a close

resemblance between the various species of the genus expert—that he did not go
deep enough, or that though water was not found just there '‘the indications are

very favourable,*' he is recommended to try some other place near by, and, if his

patience or capital be exhausted before water is obtained, the expert, following the

example of his kmd, takes himselt off to another country where his ignorance has

not been exposed, there to find that ready credence which mankind is prone to

yield to a plausible assertion of knowledge and, with better luck, repair his damaged

reputation.

The amount of labour spent on some of these karezes, and the depth of their

numerous shafts, is astounding ; they are frequently miles in length and the shafts

near their heads are said to be in some cases 150 fe^t deep. This is doubtless an

extreme case, but, when examining the Quetta plain, I found that in many cases the

shafts at the head of those which drain from the hills, east of the valley, could not be

plumbed with the 70-feet line I carried with me. These must have taken many
years and cost large sums to excavate, but it is probable that the whole was not

made at once, and that they were gradually lengthened at their upper ends, where

they are deepest out of the profits derived firom the water which the original shorter

channel yielded. .

The Chamans or Artesian Springs of Quetta.

Among the most remarkable features of the Quetta' plain are the numerous

chamans or chinnas. The first of these words meaning a grassy spot, the second a

spring, their nature is at once indittited. Riding across the naked plain, bare of

vegetation where it is lying fallow or after the crops have been reaped, one

suddenly comes on a green spot and water. Sometimes these are mere marshy

spots, from which a small driblet of water may trickle away, but more commonly

there is a pool, and not infrequently a strong spring of clear water issues from the

soil.

There is a very conspicuous instance of this to be seen on the western bank of

the Lorah just where it is crossed by the military road from Quetta to the Ghdzidband

pass. Here ^ strong spring of clear water with a discharge of several thousand

gallons per hour issues from the scarped face of loess, as if from a rock. So too,

about two miles from Quetta on the road to Saridb, in one of these springs a short

way west of the road, the water can be seen issuing with some force from the

bottom of the pool. To the west jDf Quetta there is a series of these springs,

draining one into*the other and finally forming a considerable body of water, which

has cut for itself a valley of some 20 feet depth in the loess. The^ great bulk of this

water issues from the lowest of the springs, a pool of 20 feet diameter with a leVel

bottom about a feet fro^n the surface : this bottom is not, however, solid, but a very

mobile quicksand kept in constant motion and surging to and fro by the action of a

stream^ which is constantly forcing its way upwards from below. In 1888
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a plummet was sunk into this, by Mr. P, Duncan, Executive Engineer, North-Western

Railway, to a depth of ^over 100 feet before it was slopped, most probably by the

friction of the sand on the sounding-line. From this it was evident that the water

came from a considerable depth through a well-defined channel, and the nature

of the spring stood confessed as a natural artesian well.

These springs vary considerably in size ;
from some there is a copious discharge

of water, others again barely moisten a small patch, of a few feet across, while yet

another category is formed by those w^hich, though they now have but a small

discharge, show, by the sand heaped up over their orifices, that the water once issued

with sufficient force to carry it up from below, the flow having since been

checked by the falling in of the sides of the channel through which it flowed, by the

heaping up of sand on the surface, or by both causes combined.

The most extensive of those belonging to the last category that I am acquainted

with lies west of Quetta and covers about a couple of acres of marshy ground. Yet

this is not a marsh of the type which is usually seen in the low-lying parts of

valleys, where the level of permanent saturation rises to the surface, but it is dis-

tinctly raised above the level of the surrounding country, and on all sides water

drains away in small driblets into the lower level of the loess plain. Between this

and Quetta there is a very perfect little chaman, a low conical mound of about

20 yards in diameter, and rising some 4 or 5 feet above the Icv^l of the plain, at its

. apex, is a small pool of clear water and the whole recalls, on a very ’small scale,

the description of the Hawaian volcanoes. Nor is the resemblance merely one of

foim, for there can be no doubt that just as these volcanoes have been built up of

material poured out from the crater, so this has been built up of material brought

from below by the w^ater, which for some reason no longer issues with the force it

used to.

Whatever may be the underground structure of the Quetta plain, the existence

of w^ater under pressure has been amply proved by the numerous successful artesian

w^ells that have been sunk, but it still remains to be seen how' the defined channels

through the overlying deposits could have been formed before the “chamans"

have been accounted for. In the case of those from which there is a copious

discharge of water, it is conceivable that the channel might be kept open during the

gradual accumulation of the loess, as any dust settling over the spring could be

washed away as fast as it was deposited. In those far more numerous cases where

there is little or no discharge such an explanation is not admissible, as there is no

flow sufficient to keep the channel open against the continuous raising of the surface

of' the plain, and, in course of time, all these are certainly doomed to extinction
;

it

might be urged that this is so, that these chamans which have so small a discharge

were once copious springs, whose flow has been gradually reduced as the level of

the surface was raised by the deposit of loess,and that the chamans, once much more

abundant than they now are, have steadily diminished in number, as one after the

other became obliterated by the same cause. The first objection to this is that,

taking into consideration the great proportion of these springs whose condition is

such that they would be obliterated by a very small increment to the thick-

ness of the loess, small, that is to say, in proportion to the total thickness that has

been deposited, and supposing that their destruction went on at the same rate

throughout, the original number of the springs Would have to be inconceivably great.
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The most serious objection, however, is that the hypothesis is not a real explanation

of the difficulty
; as long as the water-bearing stratum formed the surface of the

ground artesian conditions could not arise, and it is only after it had become
covered up by a considerable thickness of fresh deposits that water could accumu-
late under pressure. Let us assume that only half the present cover was sufficient

to produce artesian conditions, it is almost as difficult to understand how well

defined vertical channels coulc] have been made through 50 feet, of so necessarily

homogeneous a deposit as the loess, as through 100 feet, and so we are landed once

more in the same perplexity as before. Were it possible to suppose that these

chamans marked the sites of old rock springs, whose flow had preserved an open

channel through the gradually accumulating deposit in the valley, a natural explana-

tion would be available, but the numerous borings put down at Quetta leave no

doubt that such is not the case, that water under pressure exists below an extensive

area, but that only locally and along defined channels does it obtain access to the

surface.

The problem then is this, we have a permeable bed or beds containing wa ter

under sufficient pressure to make it flow at the surface as soon as it is afforded an

outlet; we have overlying this a thickness of 100 feet or more of deposit homoge-

neous and practically impervious, except for certain defined channels reaching

down to the water-bearing bed which can only have been formed after a considerable

portion, if not to all intents and purposes the whole, of the deposit they penetrate had

been accumulated.* To account ‘for these channels by natural causes seems impos-

sible and the only resource lies in the hypothesis that they are the work of man,

that the chamans in fact are in their origin artificial not natural artesian wells.

The idea, startling as it is, is not so absurd as it seems at first sight, the experience

of the last two years has shown that the simplest and rudest appliances would suffice

to put down a bore-hole through the fine-grained loess, and there are not wanting

indications that the Quetta valley was once occupied by a race more civilised and

energetic than the present indolent and apathetic inhabitants.

Scattered over the Quetta and adjoining plains there are a number of artificial

mounds, varying in size, of which the largest and most conspicuous is the Miri, or

citadel of Quetta. Owing to the earth from these being valued as a manure,

some of them have been deeply dug into and they pan be seen to be entirely of

artificial origin and gradual growth
;
they are composed of innumerable layers of

ashes and rubbish, mixed with earth, and have grown in size partly by the addition

of material wjth deliberate intention of raising their height, but principally by the

unintentional, steady raising of the level which goes on in every thickly popu-

lated locality through the constant bringing in of fresh materials for repairs to exist-*

ing and the erection of new buildings. Originally they were probably the refuge

forts for a race to whom the use of metals was unknown, but in their later stages

they were occupied by a race which*was not only possessed of the^art of pottery, but

made and used well-formed and well-baked bricks of a large size. Desides this,

during the excavations made in the Quetta mound, Greek coins and a statue of

Hercules were discovered, which show 'that the people who owned this fort 2,000

years ago had intercotj^e with the Western world. There is no great difficulty in

supposing that this people possessed the art of boring for water, the difficulty is to

underata^4 how the art became lost, but an explanation may be found in the long
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period of anarchy and internecine warfare which the country is known to have gone

through.

The explanation mooted here has at least the advantage of accounting for the

facts; it accounts for the existence of w^ell-defined channels through the otherwise

homogeneously impervious loess, and it also accounts for the differences in dis-

charge from the different chamans. I have said that to bore down through the

loess to the gravel beds is a task which can be accogmplished with the simplest of

appliances, but once the gravel is struck, to carry the borehole further w^ould require

appliances which we cannot suppose were at thp dist)Osal of these ancient inhabit-

ants of the Quetta plain. Consequently the discharge from a borehole would

depend on the nature of the first gravel bed struck. If the gravel were so mixed up
with loess as to be quite or almost impervious, there would be no discharge, the well

would soon fall in and become obliterated
;

if, on the other hand, the stuff struck

immediately below the loess were freely permeable, the water would issue in large

volumes carrying with it quantities of sand, as actually happened in the case of

some of these chamans. Between each of these extremes every gradation might

occur, as the greater or less degree of permeability of the water-bearing beds where

struck, and the hydrostatic pressure of the w^ater contained in it, admitted of larger

or smaller discharge into and from the borehole.

Examples of both extremes of discharge can be found among the artesian bor-

ings put down during the last two yearS in Quetta. Two of these, put down by

hand-power without any casing and carried only* as far as the ^water-bearing bed,

were sunk in the Residency Surgeon's compound ; the first of these yielded a

moMerate flow of water, quite sufficient to keep the borehole clear, the second

struck the gravel where it was less pervious and failed to give any discharge. The

history of the pioneer well, that at the Railway station, is different. 'This was put

down by steam-power wiih all the appliances which modern ingenuity has perfect-

ed. When the gravels were struck there was only a moderate discharge, but the well

was carried on till, at a depth of 140 feet, a hre’ely permeable bed was struck, from

which the water commenced to’flow, bringing with iLlarge quantities of sand, till

ultimately the well attained a discharge of 20,000 gallons per hour. Had this freely

permeable band immediately underlaid the loess, the water, Avhen first struck, would

have issued with force, carrying up with it sand and loess washed from the sides of

its channel, and doubtless ultimately have settled down to a copious spring of water

similar to those referred to above.

Such is what appears to me the only feasible explanation of the chamans of

the Quetta plain. That there are difficulties in the way 1 do not deny. It is hard to

^believe that the present race of inhabitants ever possessed the art of sinking artesian

wells and we must look to their predecessors, a people who must have differed

in character and ma^ have been the same as those who built the ghorbastas " of

Sarawdn, those extensive and carefully planned masonry works which have attract-

ed the attention of more than one traveller, which also, like the Artesian wells of

Quetta, were intended to increase the agricultural capabilities of the land.

The restriction of these artesian springs to the Quetta plain, with the possible

exception of one near Bost&i, and their absence ;over the Pishin plain and Dasht-i-

Bedaolat agrees very closely with the probable limitation of the area in which

artesian water exists a a depth at which it wbuld be accessible. At Boston easily
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accessible artesian water is known to exist, but the area over which it is likely to be

found is very small and the pressure in the solitary boring put down was barely

sufficient to make it flow at the surface. Under these circumstances it may be that

one or two failures discouraged further attempts, or it may be that the pressure and

flow of water w^as so small that boreholes, which once existed, have since fallen in.

It must also be remembered that the sinking of these bore-holes with the primitive

appliances available w’ould be, a work of time ; the art may have originated or been

most energetically carried on in the Quetta plain and, before the full caf)abiliiies

of the other valley plains were dev<»Joped, an irruption of barbarians destroyed at

once the civilisation and the skill which had given birth to these undertakings.

This i^ of course, a matter of conjecture impossible to substantiate, what is

certain is that the chamans of the Quetta plain are essentially artesian wells, that

the water rises by well-defined channels through a homogeneous and impervious

cover from an underlying pervious bed, in which it exists under pressure, and that

the bulk, if not the whole, of this cover must have bee;i deposited before the passages

were opened between the w’ater below and the air above. These passages may
have been opened by natural causes, but the most probable explanation, taking all

things into consideration, is that they were made, with the deliberate intention, by a

race the very memory of whom has now been forgotten.

On the mode of ocSurrence and prohohle distribution of artesian veater in

the valley plains of Quetta, Pishin^ and the Dasht-i^Bedaolat,

In an attempt to decide whether artesian water exists under any particular spot,

the first thing is to arrive at a definite conclusion as to the structure of the ground,

and the cause of the pressure which makes the water rise to the surface when taj,-

ped by a borehole. The ordinary text-book explanation of an artesian w'ell being

inadequate and altogether inapplicable *to the Quetta plain, it will be necessary, in

the first place, to consider*this question and theii proceed to the application of the

conclusion arrived at.

In the case of the Quetta wells the ordinary popular explanation is that the pres-

sure comes from the surrounding hills, but a very slight consideration will show
that there can be no continuity between the highly-disturbed ancient and indurated

rocks of the hills, and the soft, nearly horizontal deposits of the plain which are still

in process of^formation, and consequently it is impossible in a general way that the

pressure of the subterraneous water in the latter can be due to the greater vertical

elevation of the former. There is, however, a particular circumstance of structure

in which the pressure of the artesian water might come from the surrounding hills.

If we suppose a subterraneous spring to issue in a patch of coarse-grained permeable

deposits, /. 4 in plate i, fig. i, such as one of the minor talus fans, and this patch of

permeable deposits to be subsequently covered up and sealed by the deposit of fine-

grained impermeable beds, Z. Z, of the same figure, there would he a small area in

which a boring would be able to obtain aftesian water, whose pressure would really

be directly due to water which soaked into the surrounding hills at a higher

'

leveh conditions are probably very exceptional, but the possibility of their

tnust be borne in mind. *
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A more rational explanation of the pressure is that illustrated by the diagram

section, fig. 2. This figure is analogous to the ordinary text-book explanation of an

artesian well, on what may be called the basin theory, and in the case of the Quetta

plain, such conditions do indubitably exist to a large extent. The rock basins in

which the recent deposits of the Quetta and neighbouring pla'ns have been formed

are due to “ earth warping,"' as it has been called, that is, to an elevation of the out-

let of the drainage at a rate greater than the strearA was able 10 cut downwards*

whence the velocity of the current was checked and deposits accumulated over a

large part of the basin so formed ; the first deposits being coarse-grained permeable

stream gravels and sands which were afterwards covered up by fine-grained de.

posits. The exact proportion of the valley so underlaid by a floor of permeable

grained deposits would depend on the rate of elevation of the outlet, and

the original contour of the ground, none of which are now determinable with accu-

racy; broadly speaking, the floor of coarse-grained stream deposits will be conti-

nuous over the original main and tributary valleys, while ihe fine-grained deposits

will be to some indeterminable extent in direct contact with the underlying rock on

what were originally the spurs.

But though there is doubtless such a continuous floor of gravels, and though it is

to this only that we can look for artesian water in the central parts of the valley

plains, it by no means follows that this is the^source of the artesian water that has so

far been obtained, and a study of the records of the wells put down, as yet leads to

a different conclusion.

^ The first artesian well in Quetta was put down in the summer of 1889. The
next well in order of time to be sunk was that in the compound of the Political

Agent, Quetta and Pishin, which also struck water and was followed by a number of

others, particulars of which, so far as they are available, are given in the appendix.

If all these wells have been sunk to a layer of porous deposit, which lies directly on

the rocky floor of the valley and is overlaid by the finer deposits, we would hardly

expect to find great differences in the depth at which they struck water, as the upper

surface of the coarse deposits would be smoothed off to a fairly uniform slope by

the action of the streams. But if we remember the tongues of stream deposits which

are thrust forward from the main body of the fans over the surface of the finegrained

loess, we can arrive at a simple and intelligible explanation. On this hypothesis the

deep wells would penetrate the older tongues which, when the stream broke away

from its course, became covered up by fine-grained deposits, till, at a later period, the

stream again took a course approximating to its older one and formed the tongue

from which the shallower wells derive their water. The conditions here indicated

are graphically explained in the diagram section, fig. 3, which^indicates a condition

as favourable for the production of artesian wells as that in fig^ 2, and is more in ac-

cordance with the facts at present known.

The only alternative hypothesis is the improbable, though not impossible, one

that these wells have all been sunk on to lines of talus debris, and derive their water

from a subterraneous spring, as is represented in fig. i. Besides its inherent impro-

bability, the nature of the gravel and sand brought up from the borings, so far as I

saw it, does not favour this hypothesis. The pebbles were all more or less rounded

and, especially the fine gravels, showed such signs of the action of running water

that it is difficult to believe that they were not deposited by a running stream;
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a supposition strengthened by the alternation of coarse and fine-grained material exhi-

bited by the boring put down in the compound of the office of the Superintending En-
gineer, Sind-Pishin Railway. The question would soon be settled by a single boring

carried down through the shallow water belt to the solid rock, or to the fine-

grained impervious beds which should be founds if the explanation I regard as the

more probable is the true one.

It would be too much to expect private enterprise to go to this expense, but see-

ing that nearly all the wells sunk, or being sunk, are Government wells, it does not

seem too much to ask that one shouid so be driven on, even after water has been
obtained, and if two or three others were sunk in properly selected spots in the

neighbourhood of Quetta and driven as deep as possible, unless previously stopped

by rock, a satisfactory conclusion regarding the true conditions of these wells will

be arrived at. Nor would this be of merely theoretical interest—that bug-bear of the

so-called “practical man"—but the knowledge so obtained, by enabling us to pre-

dict with some approach to certainty the probable result of boring for water at any

spot, would result in a more economical expenditure and a prevention of the waste

of money which will be inevitable if the principle followed is that of putting down a

boring wherever it is thought that water would be desirable, irrespective of any con-

siderations of the possibility of success.

In the meanwhile, it is impossible to determine with certainty the exact condi-

tions under which the artesian water of the' Quetta plain occurs, but the evidence

available is so far in favour of the* hypothesis I have suggested, illustrated by fig, 3,

that I shall adopt this as the best working hypothesis available, and in the portion

of this report which is devoted to a determination of the areas over which artesian

water probably exists, shall base my conclusions principally upon it.

The Gwende Dasht and Dasht-i-Bedaolat have been least fully examined of any

of these plains. They are both areas of closed drainage, both are remarkably level

and characterized by an absence of large fans on their margins, the fine-grained

deposits of the plains often extending right up to the foot of the hills. This absence

Of fans is due to the absence of any large stream's draining on to the plains, and

such small streams as do issue from the hills cannot extend far over the plain

owing to the flatness of the surface. The recent deposits of both these plains seem,

as far as could be judged when merely travelling alon^ the road, to consist entirely

of wind-blown loess, which has in many places a distinctly reddish tinge when wet.

The lowest parts of these plains are, however, regularly flooded after heavy rain,

and it is probable that there finely stratified deposits are formed, though, from the

nature of the case, no sections can be observed.

The conditions h^e are altogether adverse to the occurrence of artesian water. •

The thickness of the loess is probably very great, and the coarse-grained beds

which underlie it, have been cut off by its extension from giny but a very small

accession of; surface*water at the margin of the plain. The very gentle surface

gradients prevent^the formation of long tongues of gravel extending into the plain,

and the cond^lons of deposit to which the low surface gradients are due, have pro-

bably continued tbrptigh the accumulatiohrof some hundreds of feet of loess. The

c^ly whei^e promise Of success is in the extreme north-westcomer

wb&re a larger stream than usual enters the valley, and

te^i^tisti-maxked, thoOgH hot verf large, fan
; a boring sunk a couple of miles
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from the edge of this might find water, but I cannot regard the prospect as pro-

mising. •

The watershed separating the Dasht-i-Bedaolat from the Quetta plain is formed

by great fan-shaped accumulation of loess and gravel. This does not appear to me
to be altogether a slope of deposit, but largely due to a warping of the surface in

consequence of differential movements of elevation. However this may be, on

crossing the w^aiershed we enter a valley plain, which differs most markedly from

the Dasht in the abundance of well-defined and extensive gravel fans, and in the

distinctly noticeable slope of the surface towards the centre of the plain. The
valleys of the streams within the hills are in many cases larger than those which

drain on to the Dasht, and this, combined with the surface slope, enables them to

send long tongues of gravel out into the plain. To this circumstance appears to be

due the prevalence of artesian conditions in the centre portion of the Quetta plain,

as evidenced not only by the successful artesian wells which have been sunk, but

also by the numerous “chamans,” or artesian springs, which are scattered over an

area of seven miles from north to south, and three miles from east to west, in the

central part of the valley. Over all this area, which includes the whole of the civil

station and the western half of the cantonment of Quetta, water may be bored for

with a probability of success
;
failure is, of course, possible in the sense that at any

one particular spot the boring may miss the gravel tongues,^and fail to find water

at a depth which would make it worth while boring for.

To the north, alorg a sinuous line with a general east and west trend, about a

mile south of Baldli, the red siwalik clays crop out at the surface and form a plain,

rising slightly above the level of the loess, from ^^hich some low hills rise to heights

varying up to about 40 feet. North of Bal61 i these siwaliks range j;ight across the

valley and abut against the hills on the east. Owing to the structure of these beds,

artesian water probably exists under all this area, but at so great a depth as to make
its extraction unprofitable.

About Kuchldk a strip of loess separates tlie siwaliks from the limestone hills to

the east, and at its southern end’ is the fan at the mouth of the Murghi pass. Near
this artesian w'ater might be obtained, but it is doubtful, as the stream and fan both

appear to be too small to produce the necessary conditions. A borehole was put

down at Kuchlak village in 1890, but without success; failure, however, was only

w'hat should have been looted for here, as it is too far north to be supplied by tbe

Murghi pass stream, and there is no other stream capable of producing the neces-

sary conditions.

To the north of KuchHk the siwaliks again extend across the valley and pro-

• bably abut against the hills, though, at the surface, they are covered by talus. East

of Bostdn there is a large fan, wffiose southern margin runs on to the siwaliks,

doubtless overlying them, and in this direction the chance of finding water is very

problematical. On the northern slopes of the;fan the conditions are different; here

it tails off into loess, in which the presence of artesian water h\s been proved by
the successful w^ll sunk near the railway station. The area over which artesian

water may be expected to occur, lies northwards from the village of Kasim Kh^n
and east of the line of railway, but to the west of a line drawn from the village of

Kasim Khin to the railway station, success is problematical, while north of the line

of railway it appears to be impossible. *

D a
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The J'ishin plain is more extensive than any of the others and has not as yet

been fully explored. All the eastern part of it is composed of finely stratified

deposits, and over this area if artesian water exists at all, it is probably only at such

a depth' that it would not pay to bore for it. Along the northern and eastern

margins of the plain, unstratified loess like that of the Quetta valley comes in, and

there are several large fans of gravel. The resemblance in these respects suggests

the possibility of a similar occurrence of artesian conditions, and I would suggest

that experimental borings should be put down at about three miles from the edge

of the Gulist^n fan, in a south-easterly direction from the village, and at a similar

distance south of the edge of the gravel fan at Alizai on the north of the plain.

It will be seen from the foregoing that the area over which water may be bored

or with a prospect of success is much smaller than the expectations of those whose

hopes have been raised by the successes at Quetta would lead them to suppose. It

must of course be borne in mind that the conclusions have been based entirely on

an hypothesis which is not the only possible, though the most probable one. But

this is of the less importance as we are concerned principally with those areas over

which water can be obtained at a moderate depth, deep borings being inadmissible

from their expense where the water is required for agricultural purposes and only

justifiable where special circumstances necessitate the procuring of a supply of

water at whatever pri^e it may cost. The area over which water can be obtained

by borings of moderate depth would not be 'increased, but rather diminished from

that described in this i*eport, were any other hypothesis adopted than that on which

I have based my conclusions.

SECTIONS OF BORE HOLES AT QUETTA AND BOStAn.

1. Well at Railway station

—

120 feet loess.

20 feet gravel, underlaid by quicksand.

Discharge 20,000 gallons peT hour
;
hydrostatic head 50 ^eet.

2. Well in Political Agent’s compound— ‘

1 1 5 feet loess,

8i feet shingle with a little artesian water.

2 feet loess.

Gravel, an abundant discharge of water.

3. Well in Loco. Superintendent’s compound

—

92i feet loess.

3ir feet gravel with artesian wa^er.

4. Well* in Executive Engineer’s (Railway) compound’—
90I feet loess.

10 feet gravel, from which, water just fj^owed at surface.

10 feet loess.

20 feet coarse sand and gravel, with an abundant discharge or water.

5. Well at Gymkhana— «

77 feet loess.

10 feet ’’hard sandy stuff”.

$ feet indurated sandy lumps\
35 feet V clay with nodules

0 Ifef sand.

,

!

' '
> urith wtisit*--- •
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6. Artesian well at Boston, as deter .nined from specimens preserved

—

10— 2(^ feet pale yellow unctuous clay containing fine grains of silica and

effernescing freely with acids. Loess.

20—30 feet the same, but not so fine grained.

30—40 feet finer than 10—20 feet.

40 -60 feet very like 20—30 feet.

60—80 feet the same with some pieces of calcareous rock, (kunkur).

80—90 feet same as lO—60 feet. ,

100 feet irregular small pebbles of pale grey limestone.

180 feet still in gravel, discharge of water 2,500 gallons per hour.

230 feet or thereabouts, entered as ^walik clays.

GEOLOGICAL SURVEY OF INDIA DEPARTMENT.

TRI-MONTHLY NOTES. ,

No. 10.—-Ending 31ST January 1892.

Director's Office^ Calcutta^ jist January i8g'2.

The staff of the Survey is distributed as follows :

—

Lower Burma ,

—

Theo. W. Hughes; a.r.s.m., Superintendent.

P. N.'Bose, b.sc., 2nd grade Deputy Superintendent.

Upper Burma,—C. L. Griesbach, c.i.e., Superintendent.

Fritz Noetling, ph.d., Palaeontologist.

P. N. Datta, b.sc., Assistant Superintendent.

Punjab,—^T, D. LvTTouche, b.a., 2nd Grade Deputy Superintendent.

C. .Sf Middlemiss, B.A., 2nd Grade Deputy Superintendent.

W. B, Dallas Edwards, a.r.c.s., Assistant Superintendent.

Sub-Assistant Hira Lai.

Sub-Assistant Kishen Sing.

Madras,—^T. H. Holland, a.r.c.s., Assistant Superintendent.

Head Quafters, Calcutta .
—^The Director; and R. D. Oldham, a.r.s.m., Super-

intendent.

Mr. Hughes and his party continue at the tin exploration m Tenasserim ; Mr,

.Griesbach accompanied the north-east Burma Column, and afterwards joined the

Irrawadi.Column in quest of reported ruby occurrences. Dr. Noetling is attached

to the Northern Column in the Amber and Jade country. Mr. Datta is engaged in

surveying the country south of Yenangyoung. Mr. LaTouche, with Sub-Assist-

ant Kishen Sing, has taken up the survey of the south-east Takht-i-Suleiman
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frontier of the Punjab coal and oil series. Mr. MiddlemisS and hia party continue

the survey in Hazara. Mr. Holland has visited the Chingleput^ MalabarJ Nellore*

and North Arcot districts in connection with his collecting and noting on the iron

ore tracts in Madras.

The Director attended the fuel conference at Quetta early in December, and

fixed on sites for proposed experimental borings for coal and oil at Sukkur on the

Indus. Mr. Oldham continues at* the preparation of the new edition of the Manual
of the Geology of India.

List of Reports and Papers sent in to Office for publication or record

during November^ December /c?p/, and January iSga.

Author. Subject. Disposal.

R. B. Foote . Geology of the Bellary Dis-

trict.

•

Will appear as Part I, Vol. xxv.
Memoirs of the Geological Survey
of India.

J. W. Gregory (British

Museum).
The Jurassic Echinoidea of

Kuch.
Will appear as Part I, Vol. II, Ser.

IX, of the Palaeontologia Indica.

P. N. Bose . . •

t

I. The Igneous Rocks of Dar-

• jiling and Sikkim.
Record.

II ... 2. On the elevation and dis-

turbance of the Sikkim
Himalaya.

Record.

C. L. Gkiesbach • Geology of the Safed Koh • Will appear in the Records, Geo-
logical Survey of India, for May
next.

Report on the work done in the Laboratory of the Geological Survey of

India during November, December 1891, and January 1892; by

Thomas H, Holland^ A.R.C.S«| F.G.S., Geological Survey of India.

I. The Conversion of Anhydrite into Gypsum. ^

Since the publication of my note on the specimens of “gypsum” collected by

Mr. Wynne in the Salt Range, I have had the privilege, through the kindness of Dr.

Warth, of examining the original specimen to which Mr. Wynne refers in his memoir

as containing, according to Dr. Warth's analysis, 5 per cent, of water.®

The results I have obtained confirm in every respect the evidence obtained from

the specimens in the collection of the Survey Museum
; and, at the same time, ex-

plain clearly the suggestion made by Mr. Wynne as to the composition of the hard

Uddules in% ISalt Runge gypsum.

If the analj^ses df the hutd nodtiles htid given u constant result of 5 per Cent, of

^Z eimtiUUsLtitm of aa3 Physical Notes on Rocks from the Salt lUngSi Punjab/'

by Sinv. oj inote, Vok xalv, p. ajs.

,

itidia,



PART I,] Tri-monthly Notes. 55

water within the reasonable variations attributable to inaccuracies of experimental

methods, iSfr. Wynne's suggestion of the existence of a compound like “semi-anhy-

drite * would be a most natural one. But, whilst 1 find the specimen analysed by Dr.

Warth contains, as he states, about 5 per cent, of water, that result is true only for
the portion of the specimen from which Dr. Warth obtained Ins fragtnent for
analysis. All other parts of the specimen exhibit variations in composition in the

same irregular way as those already in the collection, and which I have described

in my note.^ If Dr. Warth had, therefore, taken a second fragment for analysis

instead of repeating his experiments on the ist* piece, the results would have been

widely different. The following results have been obtained in the examination of

separate fragments taken from the original specimen analysed by Dr. Warth.®

Four fragments were broken off — two from the fresh surface from which

Dr. Warth had evidently taken a piece for his analyses
; the remaining two fragments

were selected from other parts of the specimen.

The first two pieces, it w^kl be seen, do not disagree greatly from Dr. Warth's

analyses

—

No.
Sp. Gr.

{determined.)

Mineral composition. Chemical composition. Percentage of
water

determined by
Ignition.(Calculated Jrom Sp. Gr.) •

I 2762 Anhydrite . . .
70*2

•

Sulphate of lime . , 937

Gypsum . . 29*8 Water , . .6*3 S'37

2 2752 Anhydrite . . . 68-6 Sulphate of lime • • 93*4

Gypsum • 31*4 Water . . , 6'6 5’2I

3 2-659 Anhydrite . •* . 53-8 Sulphate of lime . , 93*3

Gypsum . • 462 Water . . • 97 8'4(»

4 2'6i2 Anhydrite . • . 46-4 Sulphate of lime . . ^8*S

Gypsum . . 53 6 Water . . . ii’2 10*02

A qualitative chemical analysis made by Mr. T. R. Blyth shows the rock to be

composecU almost wholly of sulphate of lime and w^ater. Mr. Blyth has found no

trace of magnesia, but carbonate of lime sometimes occurs in minute quantities.

As in the results obtaiAed during the examination of the other specimens, the water*

found by ignition is invariably less than .thajt calculated f;rom the ^specific gravity of

the fragment.

I have examined, under the microscope, sections of Dr. Warth’s specimen and

* GeoL.Syrv., ladv Vol.xxiv {i8pi),pp. a35’44» and plates and U.
• The method adopted is precisely that .described in my former note (Ipe, Hi.t p. 236)—

the piece having its specific gravity first determined is crushed aod the wh&U of the powder
used in analysis. ^
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they agree precisely with the description given in the previous number of the

Records, of Mr. Wynne's specimens. Crystals of anhydrite, with characteristic

cleavage and twinning, are imbedded in gypsum.
The same disposal of the constituents to produce an ophitic structure^ charac-

terizes the sections of this rock ; and the same tendency to a schistose arrangement

of the anhydrite-fragments, due undoubtedly to the hydration of the sulphate of

lime, and coincident expansion to form gypsum.
Although 1 think there is now no doubt concerning the derivation of these

gypseous masses from anhydrite, the^e seems no reason why the anhydrite may not

have been simply de-hydrated gypsum. Upon this point the facts obtained in the

laboratory can offer no evidence, and it becomes a question for the workers in the

field to decide. I can only say that the gypsum is not of immediate sedimentary

origin, and this agrees so far with the conclusions of Mr. Middle miss as to the origin

of the salt-marl.

List of Assays and Exaininations made in the Laboratory^ Geological

Survey of India^ during the months of November aiid December
i8gr and January i8g2.

Substance. For whom. '• Result.

Coal, for assay P. Gisborne & Co., Cal-
cutta.

Proximate analysis and calorific power
determined.

4 specimens of quartz! for

gold.

I^ARRY & Co., Calcutta . Assayed for gold.

I specimen of quartz, for

gold.

Ditto • Ditto,

Coal, from Kasaullia val-

ley, 2 miles east of Kal-
ka, for assay.

C. L. Griesbach, Geolo-
gical Survey of India.

Quantity received •

Morsture . •

Volatile matter
Fixed carbon . •

Ash • • •

• 8 lbs.

. 1 24

. i6’52

. 37
*8a

. 44‘42

1

1

«

Cakes strongly.

Ash—dark red.

100*00

•_

^ In using the term ophitic/* I am aware of the fact that the ophitic structure of igneous

rocks and the structure of these anhydrite-gypsum rocks are widely different in c^igin. The
occurrence'of a schistose arrangement of the anhydrite, together with this so-called mtergrowth

of * ophitic’ gypsum is worthy of note as an indication of the fact that the gyf Sum is younger
* than the anhydritei beings in fact, derived at the expense of the latter m’ineral. A somewhat

ana 7ogou$ aitang^p9#ut is conceivable in* an igneous rock: a basic magma with porphyritic

crystals of felspar might be irrupted as a dyke, and, cooling under conditions of quiescence

give rise to an ophite disposal of augite around the minerals previously consolidated, whilst

tha felspars of Rosenbusch) are ailtanged in directions parallel to the face of the

dyke or direction of ffotf.
;

a, case I have described from amongst the rocks collected by

powland In KWW (jjisArif. vol. XLVII (i8pl), p. 185). Notwithstand-

^ difference in th<^,atructures, 1 do not feel justified in suggesting a separate

of the ahhydritb-gypsum rock.
^
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Snbsftance.
^

For whom. Result.

Quartz, with galena, for

gold and silver.

Barry & Co., Calcutta . Assayed for gold and silver.

Alluvial earth, for gold . ]. T. Babonau, Sub-Di-
visional OiTjcer, Pala-

mow.

Contains no gold—the shiningparticles
referred to are minute scales of mica.

Quartz, for gold Barry & Co., Calcutta ^ Assayed for gold.

2 specimens of quartz, for

gold.

H. T. IvATT, Coonoor,
Nilgiris.

Ditto.

2 specimen^ of minerals,

for determination.

F. Anderson, Lohardug
ga-

: Augite— large crystals.

! Magnetite, hsematite, and titanoferrite

1
in schist.

Notifications by the Gover nment of India during the months of November

and December iSgr and January i8g2^ published in the “ Gazette of

Indiaf Fart I Appointment, Confirmation, Promotion^ Reversion

and Retirement. •

Department.
Number of

order

and date.

Name of

officer.
From To

Nature
of

Appoint-
ment,
&c.

With
effect

from
Remarks.

Revenue and
Agr i c u 1

-

tural De-
partment.

8 Sur-

veys, dated

loth De-
c e m b e r

1891.

R. D. Oldham

•

De p u t y
Superin-
tendent,

1st grade.

Superin-
tendent.

Substan-
tive.

1st Oc-
tober

1891.

Notification by the Government of India during the months ofNovember

and December i8gjy and January 18(^2^ published in the ** Gazette of

Indiaf Part /.

—

Leave.

Department.
Number of

order

and date.

Name of officer. Nature of lea e.

•

With effect

from

«

Date of

return.
Remarks.

Revenue and
Agricul-
tural De-
partment.

Surveys,

dated 26th

November
tSpt.

T. H. D.LaTou-
che.

Furlough

1 1

24th May
1891.

7th No-
vember
1891.
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Annual Increments to graded Officers sanctioned hy the Government of

India during August^ September and October i8gi.

Name of Officer.

T. H. D. LaTouche •

C. S. Middlemiss

F. Nobtling

From To With effect

from
No. and date of

sanction.
Remarks.

620
R

660 ist April
i3pi.

Revenue and
Agricultural

Department,

No. Sur-

veys, dated
2 ist November
1891.

580 620 1st Novem-
ber 1891.

Revenue and
Agricultural

Department,
No 2497, Sur-
veys, dated
1 8th November
1891.

620 660 ist October
1891.

Revenue and
Agricultural

Department,

No.i£2?, Sur-
36

veys, dated
17th December
1891.

Postal and Telegraphic Addresses of Officers.

» - —
Name of officer. Postal address. • Nearest Telegraph office.

T. W. H. Hughes • • « Mergui • • • Tavoy.

C. L. Griesbach • e Bhamo • • • Bhamo.

R. D. Oldham • • • • Calcutta • • • • Calcutta.

P. N. Bose • • • • • Mergui • • • Tavoy.

T, H. D. LaTouche . • . Dera Ismail Khan • • Dera Ismail Khan.

C. S. Middlemiss « « • Abbottabad • • a Abbottabad.

W. B. D. Edwards • Do. * . Do. •

P.N. Datta 0
,

• Tbayetmyo • • • Thayetmyo.

F. Noetlino « * • • Mogaung ,
. .

;

Mogaung. •

HiraLal • • 'A
'

• Abbottabad « • • Abbottabad.

. • Pent Ismaii Khan • • Dera Ismail Kban.
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DONATIONS TO THE MUSEUM.

From ist November 1891 to 31ST January 1892.

2 specimens of asbestos, from Banswarrai Western Malwa.

Presented by Raohonath Rao Yadow Bhag^vat, Secretary, Council op
Regency, Gwalior State.

Large sheets of mica in crystals, and sheets cut fo*; the market, and smaller crystals 9^

mica and pegmatite from Inikurti and Utkoor, Nellore district.

Presented by E. H. Sargent, Inikurti.

Crystals of garnet and apatite, from Nellore.

Presented by J. H. Brougham, Conservator op Forests, Nellore.

ADDITIONS TO THE LIBRARY.

From ist October to 31ST December 1891.

of Books, Donors^

Blackburn, Charles F,—Hints on Catalogue Titles and on Index Entries, with a rough

vocabulary of terms and abbreviations, chiefly from Catalogues, and

some passages from joarneying among books. 8° London, 1884.

Darwin, C.—A Naturalist’s Voyage round the World in H. M.’s Ship “ Beagle,^*

8® London, 1890,

Dawson, Sir J, IF.— Geology of Nova Scotia, New Brunswick and Prince Edward
Island, or Acadian Geology. 8° London, 1891.

Ditte, Alfred,— hc^oxxs sur Ics M6taux Professdes a la Faculte des Sciences de Paris.

Fasc I. 4® Paris, 1891.

Geikie, a

C

lass-Book of Geology. 8® London, 1891.

Geikie, Outlines of Field Geology. 8® London, 1891.

Gunther, Dr. Handbuch der Mathematischen Geographic. 8® Stuttgart,

1890.

Heilprin, The Geographical and Geological Distribution of Animals. 8°

London, 1887.

Hettner, Dr. Gebirgsbau Und Oberflachenges taltung der Sachsischen

Schweiz. 8° Stuttgart, 1887.

•Holmes, Thomas Vincent and Sherborn, C. Davses.-^A Record of Geological

Excursions made between i860 and 189a 8° London, 1891.

Klein, Dr. H. J.—Jahrbuch der Astronomic und Geophysik. L Jahrgang 1890.
8® Leipzig, 1891.

KunTi^, C. F.—Gems and Precious Stones of North America. 4® York, 1890.

Lockyer, j. M-rStudies in Spectrum Analysis. 8® London, 1886.

Marcou, Autobiographical Notice of Ebenezer Emmons. 8® Pam., 1891.

Tfl4t Aut«o«.

Marcou, yN/ar.—Geology of the Environs of Quebec* with .Map and^ Sections. 8®

^
Pam., 189U • The Author.

1
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mUi of Boohs. Donors,

Nehring, Dr, Alffed>,^\}th^T Tundren und Steppen der Jetzt ;und Vorzelt mit beson-

derer Berucksichtigung ihner Fauna. 8° Berlin, 1890.

Priem, /^cmflw^f.—L’Evolution des Formes Animales avant Tapparition delhommc

8® Paris, 1891.

Richardson, B, W — Diary and Life of Thomas Sopwith. 8® London, 1891.

ScHELLEN, Dr, /f.—Spectrum Analysis in its Application to Terrestrial Substances anc

the Physical Constitution of the Heavenly Bodies. 2nd Edition. 8*

London, 1885.
,

Solms-Laubach, H. (7 Fossil Botany, being an introduction to Palaeophytology

from the Standpoint of the Botanist. 8° Oxford, 1891.

Steinhauser, i4«^a«.—Grundzuge der Mathematischen Geographic und der Landkar-

ten Projection. 8* Wien, 1887.

Tryon, George PF.—Manual of Conchology. Vol. XII, part 49; and 2nd series,

Vol. VI, part 25. 8° Philadelphia, 1891.

Tyndall, The Forms of Water in Clouds and Rivers, Ice and Glaciers. loth

Edition. 8° London, 1889.

PERIODICALS, SERIALS, &c.

American Journal of Science. 3rd series, Vol. XLI 1 , Nos. 250-251. 8® New Haven,

1^91'. The Editors.

American Naturalist. Vol. XXV, Nos. 294-296. 8® Philadelphia, 1891.

Annalen der Physik und Chemie. Neue Folge, Band XLIV, heft 2-3. 8® Leipzig,

1891.

Annales de Geologic et de Pal^ontologie. Livr. 9. 4® Palermo, 1891.

Annales des Sciences Gdologiques. Tome XXL 8° Paris, 1891.

Annals and Magazine of Natural History. 6th series, Vol. VIII, No#; 46-48. 8*

London, 1891.

Athenaeum. Nos. 3334-3345. 4® London, 1891.

Beiblatter zu den Annalen der Physik und Chemie. Band XV, Nos. 4 and 8-10. 8®

Leipzig, 1891

Chemical News. Vol. LXIV, Nos. 1660-1671. 4® London, 1891.

Colliery Guardian, Vol. LXII, Nos. 1603-1614. Fol. London, 1891,

Geological Magazine. New series, Decade III, Vol. VIII, Nos. lo-ii, 8® London,

1891.

Indian Engineering. Vol. X, Nos. 14-24 and 26. Fisc. Calcutta, 1891. Pat, Doyle.

Iron. Vol. XXXVIII, Nos. 975-986, Fol. London, 1891.
“

London, Edinburgh, and Dublin Philosophical Magazine, and Journal of Science. 5th

series, Vol. XXXII, Nos. 197-199. 8® London, 1891.

Mining Journal. Yd. LXI, Nos. 2923»-z936. Fol, London, 1891.

Nature. Vol. XOV, No. 1142 to Vol. XLV, No, 1153. 4® London, 1891.

Neues Jahrbuch far Mineralogie, Geologic Palaeontologie. Jahfg. 1891, Band 11 ,

ftenan Jahrbucti fQr Mineraiogie, Geologie und Palaeontologie fur die

,

'

!p
jdwgABgi* !lWj|«i889, und die Beil^Binde III-VI, Von. Dr. Leo-

j'A',

''

poW vSn.Wlwwfce. ^ Stuttgart, 1891,
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Titles of Books* Donors.
%

Petermann’s Geographfscher Mittheilurgen. Band XXXVII, Nos. 9-11, 4® Gotha
1891. The Editor.

The Indian Engineer. Vol. XII, Nos. 234-244 and 246. Fisc. Calcutta, 1891.

J. McIntyre.

' GOVERNMENT SELECTIONS, REPORTS, etc.

Bombay.—Brief Sketch of the Meteorology of the Bombay Presidency, 1890-91. h'Nc.

Bombay, 1891. Meteorological Refortxr, Bombay.

„ Selections frOm the Records of the Bombay Government. New series. No.
202. Fisc. Karachi, 1891. Bombay Government.

India.— Administration Report of the Baluchistan Agency for 1889-90. Fisc. Calcutta

1891. • Foreign Department.

„ Administration Report cf the Persian Gulf Political Residency and Muscat
Political Agency for 1890-91. Fisc. Calcutta, 1891.

Foreign Department.

„ Selections from the Records of the Government of India, Foreign Department,

Nos. 278 and 280. Fisc. Calcutta, 1891. Foreign Department.

„ History of Services of Officers holding Gazetted appointments in the Home,
Foreign, Revenue and Agricultural, and Legislative Departments, cor-

,
rected to 1st July 1891. 8“ Calcutta, 1891. Government of India.

„ List of Civil Officers holding Gazetted appointments under the Government <if

India, in the Home, Legislative, Foreign, and Revenue and Agricul-

tural Departments, corrected to 1st July 1891. 8® Calcutta, 1891.

Government of India.

of Officers in the Survey Department and in the offices of the Meteorolo-

gical Reporter to the Government of India; Trustees, Indian Museum

;

Reporter on Economic Products; Director, Botanical Department,

Northern India; and General Superintendent, Horse-Breeding De-

partment ; corrected to 1st July 1891. 8® Calcutta, 1891.

Government of India.

Quarterly Indian Ai^ny List. New series. No. 9. 8® Calcutta, 1891.

Government of India.

Report on the explorations of Sikkim, Bhutan, and Tbet. Fisc. Dehra Dun,

1889.

Statement showing quantities and values of Minerals and Gems produced in

each British Province and Native State of India during the calendar

. year 1890. Fisc. Calcutta, 1891.
•• Revenue AND Agricultural Department.

TRANSACTIONS, PROCEEDINGS, tree., OF SOCIETIES, SURVEYS, etc.

Batavia.—Dagh-R^ister gehonden int Eastcel, Batavia, vant passerende daer ter plaetse

als over geheel Nederlandts<India Anno i6<^ Van J. A. Van Oer

Chijs. 8® Bauvia, 1891.
* Bataviast.Socibtt.
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Titles of Books. Donors.

Batavia.—Notulen van het Bataviaasch Genootschap van Kunsten en Wetenschappen.

Deel XXIX, afl. 2. 8° Batavia, i8gi. Batavian S()Ciety.

„ Tijdschrift voor Indische Taal—Land-en Volkenkunde. Deel XXXIV, afl.

6. 8° Batavia, 1891. Batavian Society.

Berlin.—Zeitschrift der Deutschen Geologischen Gesellschaft. Band XLIII, heft 2. 8°

JBerlin, 1891. * The Society.

Boston.—Proceedii gs of the Boston Society of Natural History. Vol. XXV, Part i.

8® Boston, 1891. The Society.

Brisbane.—Annual Report of the Trustees of the Queensland Museum for 1890. Fisc.

Brisbane, 1891. The Museum.

„ Proceeding's and Transactions of the Queensland Bfanch of the Royal Geo-

graphical Society of Australia. Vol. VI, Part II. 8° Brisbane, 1891.

The Society.

Brussels.—Bulletin de la Societe Royale Beige de Gc^ographie. Ann^e XV, No. 5.

8® Bruxelles, 1891. The Society.

Calcutta —Archaeological Survey of India. The Monumental Antiquities and In-

scriptions in the North-Western Provinces and Oudh, described and

arranged by A Fiihrer, Ph.D. 4° Allahabad, 1891.

« The North-Western Provinces and Oudh Government.

„ Epigraph!^ Indica and Record of the Archaeological Survey of India.

Part VIII. 4° Calcutta, 1891. The Survey.

„ Proceedings of the Asiatic Society of Bengal. No. 9. 8° Calcutta, 189:.

The Society.

„ Survey of India Department Notes for September and October 1891. Fisc.

Calcutta, 1891. Survey ok India.

Cambridge.— Proceedings of the Cambridge Philosophical Society. Vol. VII, part 4.

8® Cambridge, 1891. The Society,

Cambridge, il/ofs.—Bulletin of the Museum of Com{)arative Zoology. Vol. XVI, No.

10. 8*" Cambridge, Mass., 1891. The Museum.

Dublin.— Scientific Proceedings of the Royal Dublin Society. New series, Vol. VI, part

10, .'ind VII., parts 1-2. 8® Dublin, 1891. The Society.

„ Scientific Transactions of the Royal Dublin Society. Series II, Vol. IV, parts

6-8. 4® Dublin, 1891. The Society.

Edinburgh.—Scottish Geographical Magazine. Vol. VII, Nos. 10-12. 8® Edinburgh,

1891. Scottish Geographical Socieiy.

Franrfort.—Abhandlungen von der Senckenbergischen Naturforschenden Gesellschaft.

Band XVI, heft 3-4. 4® Frankfort-S-M., 1891.

, GE»BVA*-^M<6moircs de la Soci4t6 de Physique. Tome XXI, part 4® Gen&ve, 1890-
' 91. • The Society.

Lausanne.— Bullettn de la Soci6t4 Vaudoise des Sciences Naturelles. 3“" s^rie, Vol.

XXVII, No. 104. 8® Lqpsanne, 1891. c The Society.

l^BiPE.-^Annalee def Polytechhique de Delft. Tome VII, liv. u 4® Leide, 1891*

^
' L*'Ecole Polytech., Delft*

LA Verdftetitlichungen des Vereins fur Erdkunde zu Leipzig.

Band t: 8^ Ldpzig. 1891. The Society.
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Titles of Books, Donors,

London.—Journal oi the Society of Arts. Vol, XXXIX, No. 2026 to Vol. XL,
No. 2036. 8° London, 1891. The Society.

Philosophical Transactions of the Royal Society of London. Vol. 181 A and
B. With List of Fellows. 4° London, 1891. The Society.

Proceedings of the Royal Society of London. Vol. L, No. 302. 8® London,

1891. > The Society.

Proceedings of the Royal Geographical Society. New series, Vol. XIII,

No. 9. 8® London, 1891. The Society.

Proceedings of the Zoological Society of London. Parts II and III. 8°

London, 1891. The Society.

Transactions of the Zoological Society of London. Vol. XIII, part 3. 4°

London, 1891. The Society.

Quarterly journal of the Geological Society. Vol. XLVII, No. 188. With List

of F'cllows. ,
8® London, 1891. The Society.

Systematic List of British Oligocene and P-ocene Mollusca in the British

Museum. 8® London, 1891. The Museum.

Madrid.—Boletin de la Sociedad Geog^rafica de Madrid. Tome XXXI, Nos. i— 3.

8® Madrid, 1891. The Society.

Manchester.— Memoirs and Proceedings of the Manchester Literary and Philosophical

Society, 1890-91. 4th seiies, Vol. IV, Nos. 4*5. 8® Manchester, 1891,
'

> The Society.

Melbourne.— Reports and Statistic^ of the Mining Department, Victoria, for the

• quarter ending 30th June 1891. Fisc. Melbourne, 1891.

Mining Department, Victoria.

Oxford.— Catalogue of books added to the RadclifTe Library, Oxford University

Museum, during the year 1890. 4° Oxford, 1891. The Museum.
Paris. — Annalcs des Mines. 8'"* serie. Tome XIX, livr. 3 8° Paris, 1891.

Department of Mines, Paris.

„ Bulletin de la Socield Giologiquede France. 3“® sdrie. Tome XV II I, No. 9, and

XIX, No. 6. 8® Paris, 1889-90. The Society.

„ Compte Rendu des Seances de la Society de Geographic, Nos. 16—17. 8°

Paris, 1891. The Society.

Philadelphia.—Journal of^the Franklin Institute. Vol. 132, Nos. 3—5. 8® Philadel-

phia, 1891. The Institute.

Quebec.—Transactions of the Literary and Historical Society of Quebec. No. 20,

Sessions of 1889^101891. 8° Quebec, 1891. The Society.

Rome.—Atti della Heale Accademia dei Liiicei. Si^rie IV, Rendiconti, Vol. VII, Se-

mestre II, fasc. 4—8. 8® Roma, 1891. The Academy.

St. Petersburg.—Memoires de I’Acad^mie Imperiale des Sciences. Tome XXXVI H,
•No. 3. 4® St. Petersburg, 1891. The Academy.*

Sydney,— Annual Report of the Department ot Mines, New South ^Wales, for the year

1890. Fisc. Sydney, 1891.

•
^

Department op Mines, New South Wales.

„ Proceedings of the Linnean Society of New South Wales. 2nd series,

Vol. VI, part X. 4® Sydney, 1891. The Society*

„ Records of the Australian Museuni, Vol, I, Nos. 8—9. 8* Sydney, 1891.

The Museum,
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TiiUz of Books- Donors,

Vienna.—Verhandlungen der K, K. Geologischen Reichsansta^t, Nos, 8 to 14. 8®

Wien, 1891. The Institute.

Washington.— Annual Report of the Brard of Regents of the Smithsonian Institution

to July 1889. 8® Washington, 1890, The Institution.

Wellington.— Reports on the Mining Industries of New Zealand, i8gi. Fisc Wel-
lington, 1891. Mining Department, New Zealand.

MAPS.

Paris.*— Carte Gdologique ddtaill^e de la France. Sheets 28, 8c, 105, and 183. Map,
Paris, 1891. Geol( gical Survey of France.

'V 'U'
'

"

Oevt* rtf India, PflittUiij 41 D. 6* Sttm3r.-10.5-93 -ijd*



RECORDS

OF

THE GEOLOGICAL SURVEY OF INDIA.

Part a.] 1892. [May.

The Geology of M^Safdd i<6h ; hy C. L.GrieSBACH, C I.E., Superintend^

eat, Geological Survey of India, (With 2 Plates of sections.)

CONTENTS:

Introduction

I.—Notes on the Safdd Kdh and its skirting ranges.

II.—Geological results of the Miransai Expedition.

III.—The Geology of the Khaihar hills.

IV.—Section between the Peshdwar Valley and the Ungo Pass;. the petroleum

springs of Panndba.

V.—Concluding remarks.

Donng the field-season of 18^0 to 1891 1 was engaged in geological research in

... several areas along the noith-westem frontier, which stmc-
n ro uc ion.

belong to the mountain system of the Safdd Kdh;

the sections which I actually examined are partly within British territory, partly

they are within tracts belonging to semi-independent tribes. These areas are separ

rated by more or less unknown country and form patches, as it veie, between the

Mitanzai frontier and the Kdbnl river valley.' D^ng part of the season 1 was

deputed with the Miranzai Exposition commanded by Major-General ,Sir W. S.

* A. Lockhart, K.C.B., C.S.I.: after the oonclusionof tl^ expedition 1 (Hoceeded

to etamine the oil localities east of KohSt During the work I had natnntUyltl

take into account the experience 1 gained during my former visits to AfghSniitSn,

in particular the Observations which I had an. opportunity of making udiilst in tihe

Amir's sendee during 188S and 1889: in the spring and summerV 1888 1 Wsitsd

certain parts of the Safdd Kdh and ridghbouring ranges.
„

Mention is made the SaMd Kdh by nearly every writer on A^hlttlstAaii but

pmctkally scarce^ anything is Ipown of the ge(|l9gy<^ the

main range, and the number of atithors «iM tesih upon
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the geological stracture or the mineialog7 of this impoitant mountain system is

very limited. <

The following most be considered

1. rophiin E. E. Drummond, on the mines and mineral resonrces of Ncnthem

Afghdnistdn,—Jour. As. Soc. Beng., X, pp. 74—93 -

This author stayed for some time at Katasang in the Ldgar valley during the

firstAfghan war, and was thus enabled to examine the copper ore-bearing

district of the neighbourhood, which belongs to the western spurs trf

the Safdd Edb. He mentions the several formations which he came

across during his excursions, without, however, going further into the

question of the geological structure of the country he saw. His obser-

* vstions are quite correct, as I had the satisfaction of finding when 1

myself went over the country during my last stay in Afghdnistdn.

s. Dr. A. Fleming, on the geology of part of the Sulaimdn range,—Quart. Jour.

Geol. Soc., IX, p. 346. Dr. kerning mentions having found productus-

limestone boulders in some of the streams (month of the Vidone defile

for instance) which drain from the main range of the Sulaimdn hills near

the Takht-i-SuIaimdn. Although this observation does not directly

refer to the Safdd Kdh, it must still be taken into accoimt, since traces

of palaeozoic rocks were also discovered within the area of the latter

mountain system, the structure of which closely resembles that of the

Sulaimifi range in many important points.

3. P, B. Lord,—Jour. As. Soc. Beng., VII, p. 521, and India Review, III, 315.

This author deals chiefly with the geology of the western parts the

Kdbul province, but he mentions the existence of slates (Attock slates)

from Attock on the Indus to the Kdbul vaHey.

4. B. S. Lyman,—General Report on the Punjab Oil-lands, Lahore, 1870. For

a review of this author see Part IV of this paper.

5. H. B. Medlicott, on specimens sent by Major Tanner, Mr. Scott, Dr. Aicheson

and Major Stewart from Afghibistdn during the war of 1878 to 1880.

See Proc., As. Soc. Beng., 1879, p. 176; 1880, pp. 3 and 123.

The most important of the notes by Mr. Medlicott are those on the rocks

brought from the main range of the Safdd K<5h, and as these ate the

only observations in existence whidi deal with the central portion

of the range, I have quoted this author’s remarks in extmso.

6. Dr. Stewart, letters published in the Jour. As. Soc. Beng., XXIX, pp. 314 to

3S0, which mention geological observations which the author made
during the operations in the Wa^ country and Which are important, ns

dealing with an area so close to the Safdd Kdh system. It seems

highly interesting that Dr. Stewart had alsomet with'a somewhat sudden

chtmge from the outer {eastern) tertiary belt to an area entirely com-

posed Of what appeared altered shales and rocks,

y, Major N. Vioary, on the gcology«iofthe Upper Punjdb and TeiAdwarr-Calc.

|««r. Hist.) VII, 385 QOait. ]out. Geol. Soc., II, p. afio ; and Vll,

pp. 3I td 4d.

„fdisjor Vidary ha^g collected carboniferous fosstls, a smaB
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ISptrfer^ Orthu^ Terehratula (?), and some Polyparia from boulders

oear the mouth of the Khaibar near Jamriid. Pliocene beds (Siwaliks)

he found to skirt the hills on the south side of the Pesh&war basin and
to ascend even the valleys coming from the hills. The Buddhist caves

in the Khaibar are excavated in pliocene rocks.

See also Dr. A. M. Verchfere in Jour. As. Soc., Beng., XXXVl, p, ai, and
Colonel H. H. Godwin -Austen, Quart. Jqur. Geol. Soc., XXII, p. 29,
who mention this find of fossils. The footnote on p. 500 of the ** Manual
of the Geology of india discusses the subject.

8. Dr. W. Waagen, note on the Attock slates and their probable geological

position,—Rec. Geol. Surv. India, XII, 183. In this paper the author dis-

cusses the probable age of the Attock slates, which form the eastern-

most spurs of the Safdd K6h system. But far more important is :

9. by the same author,—Salt-Range fossils. Geological Results, Palaeontologia

Indica, Vol. IV., pts. i and 2, in which Dr. Waagen most ably discusses

the geology of the Salt-Range system. Our former colleague had travelled

from Peshdwar to the Indus, crossing the eastern spurs of the Kohfit

hills, and he has given an interesting account of the geology of this part.

His views, however, closely affect the structural position of the Safdd

K6h, and I have therefore referred to them more fu^ly further on.

10. A. B. Wynne, a geological reconnaissance from the Indus at Kushalgarh to

the Kuram at Thai on the Afghdn frontier,—Ret. Geol. Surv. India,

XII, p. 100.

Mr. Wynne had travelled over a part of the area described by me in this

paper, and 1 shall have to refer to this author frequently in this paper.

See also the same author in Records, Vol. X, p. 1 28.

/.— on the Safid K6h and its skirting ranges.

The Saf^d Kdh (see pi. I) is *a lofty mountain range which runs in a more or

less east and west direction through part of the R^bul pro-

vince of Afghdnistin, and which forms the watershed between
Geographical features.

the Kuram and Kdbul rivers^ This range, as commonly understood, may be said to

begin in the Tirdh country of the Afridis and end in the Ldgar (Ldgard of the

^Afghdns) valley north-west of the Shutargardan pass. This great chain is skirted on

both sides by a series of more or less parallel ranges, which are often connected by
vast spurs and a network of ridges. To the south of the main range extend the

* hills of the Kuram valley and of the Urakzai country, with the eastern prolongation

of fhe Afridi and Kohdt ranges, whilst north we find the hill ranges about Khdrd
Kdbul extending eastwards as the Jagdallak bills and the Sidh Kdh as far as the

Doronta gorge west of Jaldldbdd ; thence they are continued no^th of the Kdbtii

river into Kibiax and to the Indus. These lines of ranges are connected by several

intervening minor ridges and elevated areas, the geological structure of which is

highly instructive, as it clearly shows that all these chains belong really to one moan*
tain system. Although the main range of thin system is well known td the frontier

tribesmen and to most European geographers as the Safdd Kdh, which as an
appellation is quite as precise as is the term Hindu Kush, nevertheless, quite lecently
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our most distinguished fellow-worker and master Professor Eduard Suess in his

grand work Das Antlitz der Etde/* pages 55a to 574, expi^esses the*view that the

western Salt-Range, with all the ranges which lie between it and the Hindu Kush, is

but part of a great system of mountain elevation of which the Hindu Kush may be

looked upon as the most prominent feature.

I am not prepared to subscribe fully to this view, and I believe it will be found

that the structural features of the area between the Hindu Kush and the Salt-Range,

a large portion of which is occupied by the belt of the Saf^d Kdh, do not entitle

us to assume that this mountain trsct south-east of the Hindu Kush belongs to the

skirling ranges of the latter.

To a certain extent this seems also to be the view of our former colleague Pro-

fessor Waagen, who reviews the structural features of the Salt-Range and adjoin-

ing regions in the Palseontologia Indica, Vol. IV, pp. 35 if. He believes that Pro-

fessor Suess is correct in considering the Salt-Range as the extreme southern margin

of the Hindu Kush, if “ we take the expression Hindp Kush as meaning the Hindu

Kush system of elevation*’ (p. 39). And yet Dr. Waagen goes still further than

Professor Suess, for he speaks of the spurs of the Safed Kdh not only as belonging

to the Hindu Kush system, but as the Hindu Kush itself, as for instance on p. 28,

when he mentions the “ low ranges *’ which ** intervene between the Salt-range and

the Hindu Kush unless the author understands as Hindu Kush the Safdd Kdh

itself for instance, these ** low ranges ’* must be the great mountain ranges of the

Safdd Kdh and the r^ges of Kafiristdn, both which rise to over z 6,000 feet height.

Again, he speaks, p. 37, of the Sundully pass east of Peshawar as being in the out-

skirts of the Hindu Kush I

I need hardly say here that no Indian Geologist or Geographer would admit for

one moment the introduction of such a nomenclature. These various ranges have

all well known geographical features, possess old established names, and to extend

the name of Hindu Kush to any but the one range of precisely limited extent to

which we now (see the article Hindu Kush in the Encycl. Brit.) apply the term

would tend to hopelessly obscure the meaning of every work dealing with frontier

geography. We in India even, to whom minor features of frontier geography may
be as familiar as are suburban streets to a London postman, might be occasionally

mystified, but, as a rule, readers in Europe would be hopelessly led astray if they were

to search for the Sundully pass in the outskirts of the Hindu Kush 1 The ^^Sun-

dally pass ’’
is a saddle over one of the Koh4t hill-ranges,—which, as I shall show

further on, ere off-shoots of the Urakzai hills,—and is in British India.

It will perhaps be best to review the orographical features of this part of Asia

in a few words.

When travelling from the plains of the Punjib to the wide-spreading alluvial

plains of the which form the most fertile paxts of Afghan Turkistdn, the an-

cient Katila too^f niong which the*trade between Hindustin and Central Asia has

been carried on fox^ two tbcmsand years or more, passes from Peshiwar to BamUn

l|in a vety nearly westerly 4ireciion ovesjhount^n ranges and valleys in snccessxon.

The tmi c^inof hi^ so jlsaversed is well-known range known to us as the

tn reality k is notWag more than one of the uorth^tern off-shoots

ll^ Koh^ The ImW^mendi^iii a more or less east to west direction and «

» wat %ed betwnmt the KSbul and Koram rivers. Its highest crest ccan-
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cides, rough!}' speaking, with the 34° latitude, but it is accompanied by more or less

parallel ranges and nSinor ridges all connected together by a ramification of lower

ranges. Its most easterly extensions are the spurs which run north of Kohit to east

and north-east towards Attock. Similarly, the Samdna range, with the hill ranges

north of it, also belong to the system of the Saf^d Kdh. From a purely orograpbical

point of view this may readily be seen, and even natives of those parts know the

close connection between the Safdd Kdh south of Jal&ldbdd and the Kohdt ranges.

Continuous and forming one great orographical feature, this system of ranges could

not fail to exert its influence even upon humanity, for since ancient times its slopes

and valleys have been inhabited by races of close relationships, namely the unruly

Afridi^ Urakzais, Shinwdris, and others of near connection.

Beyond the Khaibar the great Kibul road passes mostly along more or less

fertile valleys past Jaldldbdd to Kdbnl itself, crossing between Gandamak and Bdt-

khdk the high land which links the Safdd Kdh system to the Sidh Kdh and the

ranges north of the Kdbul rivelt valley, which are but the northern skirts of the Safdd

Kdh. North and east of Kdbul the traveller enters the mountainous country of the

great ranges which traverse entire Afghdnistdn as an unbroken chain, with their

subordinate off-shoots on both sides of the watershed. This latter may be said to

begin in the highly elevated mountain ranges which bear generally the name jf

Pamir, of which there are several ; we really know too little of fee orography of that

region to be able to decide in what manner this mountain tracpis.linked on one side

to the North'Westem Himalayas, and on the other to the great watershed of Afghdn-

istdn. If we follow the latter, it appears that after a very nearly east to west strike

near the 37° latitude it assumes a more south-westerly direction till it reaches tlie

mountain centre east of Bamidn, within which the three river systems arise, of the

Kunddz and Balkh drainage, the Kdbul river system, and the Helmand,the latter

which drains into the Seistdn lakes. Now to this great watershed Eastern, as well as

English Geographers have applied the name of Hindu Kush ; by it is meant the

watershed formed of the great peaks and chains between the Little Pamir and the

Shibar pass, east of Bamidn, and no other system of ranges, except the spurs piosely

connected orographically with it on both flanks of it. To extend the name to out*

lying ranges, which have not even a common direction, i^., ate not even parallel

with the line of watershed h*ere described and differ absolutely in their geological

structure from that of the true Hindu Kush would only tend to hopelessly confuse

all geographical expressions. I may here mention that the people of the country

itself, living oa the slopes of the Hindu Kush, really apply this name only to the passs

* Kdtal-i-Hindu Kush between the Shibar pass and the Kdtal-i-Chahdrdar, but I

found that Afghdns, in speaking in general terms of the great range which divides

the Kdbul province^ Kafiristdn and Chitrdl from Badakhshdn, do make use of the

of Kush. Westwards of Bamidn the watenfeed remains strictly such,

and may be traced right through Afghdnistdn into Persia, and is pAbably connected

with the Csuyasmi and the Armenian systems. This watershed is not known to ns

by any one name, connected though the ranges are ; immediately west of the Kdtal-

{4hibar we know it as the Kdh-i-Bdbd, which continues westwards into the water,

shed of the Hasdrdjdt. It is known south-east of Herdtas SafddKdh, south-west of

that city ss the Doshdkh range j after which <it passes into Persia* where the EIbnrS

ranges form part of it.
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Glancing at the excellent topographical map of Afghtoistin, as it ia now avail*

able, we may perceive, that although all the mountain tanges'of this part of Asia are

more or less connected by minor ranges and passes, yet, strictly speaking, only the

mountain chains and spurs which form the Upper Hazdrdjdt (Upper Helmand), the

Paghmdn range, the spurs forming the Fanjshir, Najrow, and Kafiristdn valleys, with

the spurs lying between it and the Kashmir borders can be looked upon as off-shoots

of the Afghan Watershed. They in reality form the southern slopes of the Hindu

Kush, into which the rivers have worked their way, producing the deep valleys of the

Ghorband, Fanjshir, the Kahristdn rivers, etc.

If we turn to the country lying east of Kabul, we find that the Safdd Kdh and

Siih K<5h ranges, with the Khaibar and Urakzai ranges, have an almost true east to

west strike, and therefore form an angle of more or less 45^ with the true Hindu

Kush. Further south still we find the Sulaimdn ’’ range with an almost due north

and south direction at right angles with the S^fdd Kdh and Si^h K<5h. If we compare,

therefore, the Hindu Kush with the ranges intervening between it and the Indian

frontier, and the latter again with the Salt and Trans-Indus ranges, we meet with great

difficulties on the score of the absolute difference of direction of the respective

system of ranges. That alone, however, need not be taken as a difference of origin

of these ranges, particulaily when the bend^ not breaks of the frontier ranges is taken

into account, for we find the Sulaimdn range break up north in the Waziri country

into several knots and chains, and finally still further north turn round gradually into

a north-east direction towards the Urakzai hills. Therefore it is quite possible to

discover portions of the Salt and Trans-Indus ranges which might be looked upon

0 correspond in direction with these frontier ranges, although the strike of the latter

would intersect the direction of the Hindu Kush proper.

On grounds of the orographical features alone 1 am absolutely against the ex*

tension of the term Hindu Kush to the ranges of the Funj^b, with which the former

is not connected either structurally nor is the Hindu Kush even parallel to the

latter* *

Undoubtedly there are cases where local and popular names applied to orogra-

phical features may with advantage be exchanged for terms expressing more correct-

ly geographical features, as for instance we have adopted in our books, and for or-

dinary usage, the term Himdlayas for the great northern barrier of India, the word

Himalayas oi^ginally only meaning the central portion including the holy peaks

named in the Vedas and Puranas of the Hindus. But this northern barrier is so

clearly a ccmtinuous range, or system of ranges, that it seems only natural, quite

apart from geologiGal reasons, to include the whole under one general name. But

«

this canitot be said for the view, which looks upon the Salt-Range and the Punjab

frontier bills as outskirts of the Hindu Kush. ^

In the classifying and re«*naming, yvhere advisable, of systems of monnlain chains,

• must be guided by either fi) purely orographical con-
coflsider-.

paraUelIsps,of ranges or direct continuity of the latter,

(a) 1^ the more or less close relationship of the geological

of wounutt ttmges to be compared^ (3) by the fact that certain mountain

to owe origin to the same causes, and are therefore more or

tMil inlormatioii, or,« finally, (4) to a combination el first and com-

Nltfa Or%in with geological and orographical features.
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Let us shprtly review the various mountaui systems on and beyond our north-western

frontier. We find at*once that the Hindu Ku^, Sulaimdn range, Safdd Kdh (with

outskirts), and the Salt-Range are neither directly continuous nor strictly parallel

with each other ; the Safdd Kdh and the Suiaimin range would both intersect the

Hindu Kush if prolonged. Viewed, therefore, orographically only, it must be doubted
whether these ranges can belong to the Hindu Kush system, whilst a closer examina-
tion of their geolcgicsd structure reveals no proofs of their close relationships.

But the most important point to consider is whether these mountain chains owe
their existence to a common cause, t.e,, whether they are of

contemporaneous origin. If we look back into the past

geological history of Asia we find that, after the close of the

eocene epoch, vast changes have occurred in the western and central parts of this

Continent. Resting on pelagic formations of limestone and beds containing num-
nulites and other eocene forms of deep-sea life, we find a long series of beds which
point to a gradual narrowing find shallowing of the wide ocean, of which the so-

called "
Jurassic mediterranean ” was once part, and which continued long after and

which reached in later cretaceous its greatest development. Fresh water and finally

sub-aerial deposits follow on marine miocene, and so the process has continaed up
to the present day.

Such vast changes could only occur under conditions whidh would leave their

imprint in the structural features of adjoining regions, and indeed this we find to be
the case, not only in the vast folds,which extend north of the ’great Perso-Afghdn
watershed, but also along the north slope of the Central Hiinilayas and in the ranges
which skirt the Baluchistin hills, the Sulaimdn range, and the hills which form the

frontier of North-Western India, including the Salt-Range,—not lessthan the Lower
Himdlayan ranges, ^ich include the Siwaliks. Everywhere we find a hugely
developed tertiary fresh water teries testing on marine tertiary beds. Ihe tertiary

system in thote regions shows invariably the traces of the vast changes which once
have taken place, and which are amongst the latest causes of the elevation and
folding of the strata into the hill-ranges which traverse Central Asia.

The principal disturbances took place after the deposition of the nummulitic
formations over the entire Central Asian and North-West Indian areas, yet they

were not absolutely contemporaneous, as the structure of the hill-ranges show, which
fringe ttte Him&layan and Hindu Kush belts of elevation.

In considering shortly each area separately, it appears that :•»

(1.) On both slopes of the Central Him^yas the marine eocene rocks are

, immediately overlaid by a series of littoral and fresh-water beds in which marine
miocene fossils have not yet been found.

(a.) In the Sak-Range aad in tbs hill-ianges of the Fanjfib west of the Jhelum,
including the hiUsWch fringe the north-western frontier of India, mioceneMM
beds have not yet been discovered ; in fret, there alsoa great fresh-wsiter series, whidi
nay possibly eii)J)race all post-eocene be^ overlies directlgphe nummulitic strata.

(3,) It is not quite ceitain vdaether certain beds with marine fossils (chiefiy corals),

whi^ are^ intercalated between the marine eocene beds and Siwaliks along the
oastem skills of the Splaimfri range may be looked upon aa miocene; hot farther
south a true maripe miocene formation covers the nainmuUtic strata of Baluchistda
(Blanford).
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(4 ,) Turning to the Perso-Afghdn watershed, we find the miocene division of the

tertiary system largely developed along the entire inner (Central Asian) margin of

the Hindu Kush, K6h«i-Bdbd, Herdt ranges, and in Persia. There we find a com-

plete sequence of marine beds, into the upper miocene and m aome sections, even

into the upper tertiaries, followed by littoral, and, finally, by uppermost tertiary beds

of fresh-water and aerial origin.

It is clear, therefore, that whatever causes contributed towards the folding and

Hindu Kush still
elevating process which formed these hill systems, the Himd-

marine area during mi- layan, Salt-kange and Ponjdb areas of elevation were already
ocene times.

existence in some shape, whilst the Hindu Kush area with

the Perso-Baluch region was still covered by the miocene seas. Right in the very

centre of the Hindu Kush and Kdh-i-Bdbd range we find this marine miocene

series, well developed, as for instance, near Bamidn.

So far considered, the geological history of these ranges points to the fact that

the Salt-Range with the Punjdb hills belong rather to'the Himdlayan system of fiex-

ures than to the Hindu Kush and its prolongation.

But this is not all. The Hindu Kush, east of the Shibar pass to the little Pamir,

with all the mountainous country to the south of it, includ-

CWtS^etc!* ^ skirting ranges in the Kdbul district, Kafiristdn,

Chitrdl, Dardistdn, Gilgit into North-Western Kashmir with

the hills of Dir, $wat, and the country east of it, not less than the greater part of

Badakhshdn and countries north of it, compiising a known area larger than twice

that of Switzerland, is chiefiy formed of old crystalline rocks, amongst which there

may possibly be some palaeozoic outliers : this was land, when the partly littoral,

partly fresh-water beds of the trias (with coal) were laid down in the basin of Kata-

ghan and Afghdn Turkistdn, and formed a rigid mass to a certain extent, against

which the sedimentary formations of the mesozoic and tertiary times were forced

and thus laid^into the folds which form now the greater area of Central Asia and the

fringing ranges north of the Hindu Kush. We sed therefore that the flexures which

form the Salt-Range are separated from those of the Hindu Kush by a wide belt

which is an ancient area of elevation, and which is, in fact, the western prolongation,

so to speak, of the great Himilayan crystalline belt, of which the ‘‘southern range,

Central Himalayas ” forms part, and which with the latter was already foreshadowed

as a range, tpr a great warp'' or more or less elevated area, soon after or during

the epoch wnen the Haimanta deposits were laid down along the northern margin,

and perhaps in some areas within the belt of the Vaikritas of the Central Hirotiayas*

Considered, therefore, from either purely geographical, structural, or a causal point*

North-W«aterii Pn -
^ ^ contend that the Salt-Range with the North-Western

images lb net be- Punjib hill-ranges belong rather to the« Himdlayan area of

long to %e Hindtt Kuth elevation thap to that ofthe Hindu Knsb, with which they do
system. t

connection then the more or

less doubtful simHaritx of atiike, ^ » <

^ Where the old miocene coastline might be drawn aloitg our north-western and

Ilalnehi$i4n frontteri^and to the Bamidn section, will have to be left to fntnre research

of Bonthem A^bdnistdn and the Haadrdjdt probably; at

"Ste meat be content with ib€ knowledge that structurally the hill«rangea of

llseBlAM Kdh with the spare running into British territory near Kohdt belong to the
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flexures which elevated the Himalayan and Funjdb ranges above the miocene seas

soon after the close *of the eocene epoch, whilst the region, of the Western Hindu

Kush and K6h-i-B^b& was still covered by the miocene ocean, during which time

and preceding it the ground which forms now the mountain countries of Kafiristdn,

Chitril, Dir, Bajour, Swat, with areas extending far to the east, had been dry land

from pre*tertiary times.

Our knowledge of the geological structure of the Saf^d K6h is at present limited

to a few sections through the skirting ranges of it rather than through the main

axis. The last observations which 1 have been* able to make within the belt of this

mountain system were taken this year whilst at work along the north-western fron-

tier, and are embodied in parts II, 111, and IV of this paper.

The following is based on notes which I was able to collect during my last stay

in Afghdnistdn when in the service of His Highness the Amir Abd-ur-Rahman Khdn.
1 accompanied him on several journeys in the Kdbul river and Kdnar valleys and

was sent to examine geologically the Sidh Kdh, and the whole country of the western

extremity of the Safdd K6h, including all the mountain tracts of Kharwar, Logdr, and

Wardak.

It is with considerable reluctance that I publish these fragmentary notes on

work which I had hoped to bring to a more fitting conclu-
Structural features. , — ... . r .t •

Sion. Even within accessible regions of this great moun-
tain system much remains to be geologically explored. •

As already stated, there are three prominent orographicaf features (see pi. i,

sect. 3 ) which constitute the system of the Safdd K6h,—
r. The main axis, commonly known as the Safdd Kdh.

2 . The skirting ranges south of it, which extend south-west into the moun-
tainous region of Kharwdr, Garddz, and Zurmutt, through which the

system is linked, in some manner not exactly known, to the northern

branches of the Sulaimdn ranges.

3 . The skirting ranges north of it, which are closely connected with the main

axis near its western extensions and which continue eastwards as the

Sidh Kdh, the Kdnar ranges, and, lastly, as the Khaibar ranges. How
far these are connected with the ranges of Buner, Hazdrd, and the Kash-

mir border, is at present difficult to say. I anticipate very important

geological results when these areas.have been studied in detail.

These three orographical features are strongly marked in the sections so far as

known to us. The main axis, the Safdd Kdh, is least known to us geologically ; it

is probable, however, that the most prominent rocks composing it are of semi-meta-

morphic character, chiefly with schists and considerable intrusions of igneous rocks*

The sodtbem Ranges seem to be formed by sedimentary rocks, of meso-

zoic and tei^ry age, Nonh ot this southern belt, and close to the sombem slope of

the maib luds^ t bie^eve t^ k great dislocation has brought the nfesozoic form^nna'

into abrupt con^ct with the metamorphtc and sub-mmmorphie rocks trf the Sjsliid

Kdh. They dip nodh as it were tim metamofphics of the main,aads» the

contact is obiOttied ipmw rocks. I^kidier

Miiahsai and Xohdtl^der^j t found a series of andciinals formod m
; Z0tp strata, flanked on the south by lower tertiaries, which latter are

able to dip of the sections is
,
the
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Shutargardan area, and generally varies from north-west to north-east, v;here nearest

the main axis of the Safdd K6h. 1 believe it is most probablh that the entire belt of

ranges which skirts the Sziid K6h along its southern slope is cut ofiE from the latter by

a long line of fault or faults of a more or less east to west direction (see Secs, i and

3. Pl- 1)-

North of the Safdd K6h, as I have shown, a system of ranges, the Siih K6h On

the west and the Khaibar hilts on the east side, runs more or less parallel with the

main axis. The geological structure of this northern belt is more obscure in a

sense than that of the southern slopte of the Safifd Kdh.

It is quite probable that the fault or faults which have brought the mesozoic

strata of the Shutargardan and the Miranzai border into abrupt contact with the

metamorphic rocks of the main axis, are repeated on the north side of the latter by

a system of dislocations parallel to the general strike of the ranges.

Direct proof of this supposition I have none; but it seems extremely probable,

taking into account the structure of the sections as far as I have observed them and

the appearance along lines parallel to the strike of the folds, of intrusive igneous

rocks, which I believe have penetrated the sections along lines of dislocation.

The general structure of the sections through this northern belt is very similar

The western and » highly altered Strata, composed of shales and

northern ranges of the* limestones often changed into metamorphic rocks are follow-
Saf^d Kdh. metamorphic schists, which are again overlaid by a

limestone scries wh'ich has yielded traces of fossils, probably of carboniferous age,

and which passes upwards into a succession of metamorphic rocks, chiefly a granitoid

gneiss. There are evidences of faulting afforded by the appearance of igneous

rocks (traps) along parallel lines both below the stratified rocks and north and parallel

to it. That these traps are not interstratified 1 have convinced myself sufficiently,

and I have come to the conclusion that these rocks have really been intruded along

lines of dislocations.

The western sections through the northern range show a normally ascending

series of strata—^roughly speaking of metamorphic rocks both south and north, with

two limestone series between them. The intrusive igneous rocks speak for the

existence of lines of fault as already indicated, but to explain the structure, the sec-

tiQ&'jitust be brought into comparison with the Khaibar *hills (see secs* i and 3, pi.

t), when tt will be seen that these northern ranges consist of a series of parallel and

rsverse4 with several lines of dislocations (probably fold-faults) running in

the stuilse 0 Abe fiexures. It would thus appear that the younger series of lime-

stones of the westeim end of the northern ranges is really represented by the series

neaW *^8 view, I imagine, will eventually be found to be die

stat* ctfiOie conmy admit oE a mote e|Utii<|ed ifeological
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Saf^d Kdh ;
whilst Mr. Scott, of the Survey of India, also forwarded a few from the

summit of the SikaranS peak (15,620') to Mr. H. B. Medlicott, then Director of

the Geological Survey of India, Dr. I. E. T. Aicheson supplemented this collection

by specimens from the southern, or Paiwar Kdtal, flanks of Sikaram. Mr. Medlicot

says regarding these specimens' :

—

“ From all these specimens we can form a rough idea of the geology of the

ground. The ridge of the Saf6d Kdh at Sikaram, anH all the country to the north,

seem to be formed of much altered rocks, though with only few samples of the ex-

treme gneissic type. There is a remarkable preponderance (as represented by these

specimens) of magnesian and calcareous rocks; amongst them some very fine

white marble and steatite. The culminating point of the Saf^d Kdh is approximately

formed of pure white quartzite, but the range most likely owes its name to its snow-

beds. The white rock from which Safdd Sang takes its name is a beautiful statuary

marble.

“On the western flanks of Sikaram, at elevations of 10,000 feet, quite unaltered

shales, with impressions of algm, and similar rocks from the south side, occur

among Dr. Aicheson’s specimens. There are no observations to suggest what may

be the stratigraphical relations of these highly contrasting series of rocks. The only

clue as to age for any of these formations is a large pebble of limestone found in the

Shalindr stream on the east side of the Paiwar Kdtal; it is a*lithodendroid coral,

testifying to the presence of triassic or carboniferous strata in 4he vicinity.

A scrpentinous trappean rock or*diallagic serpentine seems to be in force about

Ali Kheyl.*’

Besides these specimen s, Dr. Aicheson had also forwarded some rather poor

copper ores, which had been found on the Karatega hill east of the Shutargardan.

Scanty as the information is, which is conveyed by these few specimens, it yet

confirms the supposition that the main range of the Safdd Kdh consists chiefly of

metamorphic rocks ; this at least is the structure most probably of the main axis

of this mountain system, as revealed in the ranges further west and south-west of

the Sikaram, which Captain Drummond was the first to examine in 1838. I

myself have had an opportunity of examining this ground in 1888 whilst deputed

to Afghdnistdn in the Amfr’s service.

The 69^ 30' longitude may be said to form as good a section as can, perhaps,

be seen in these hills between the Kdbul river valley and the ranges about the

Shutargardan pass. It passes in succession through the three separate members

,
of the Saidd Kdh system* namely the northern ranges, the main axis, and the

» southern skirting chains.

The road from Butkhik (i i miles east of Kabul) to Jalflibdd ascends low

ridges, chiefiy foraged of later tertiary conglomerates resting on schista.and gneiss*

Thd dj^ ik rolling, smd the strike more qr less conforms to an east to west

Aboiat^ Sf miles east of Butkhik the rock exposed in |be hills north ot

tim road is a hard g:rey iiihestone in flag^ beds, which has not yielded any

hot which when nuu-chihg from Kihul to Feshiwar in 1886, I helieved to part

Of the citwjpetms limestone so extensively developed in Aghinistin : isinbe fihett I

have had Ihet^lei^ secdon twice again^ and atncompieUed to

^nsider this view as stW^ proven, and ih fact tihere are strong msons to doubt

^ Proc. As* See., Besg., 1S80, pp. 3 and 4.
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that mesozoic rocks reach so far north as the Kdbul basin. The ^ip of these

limestone beds averages towards the north-west, but are much contorted and in fact

show a dip to the south where the road passes the section some five miles east of

Butkh&k. The section seen between this point and Jagdallak itself is not very

instructive. The limestone of Chinir (east of Butkhik) continues to the Lataband

and east of it for some miles. It is associated in some manner not quite clear with

metamorphic schists, amongstVhich micaceous strata seem predominant. The dip

of the beds of the Lataband pass is almost due south, apparently, below the gneissose

rocks whih are in strong force south of the Lataband.

The narrow gorge of the Kdbul river north of this section and north of the

Gogomand pass, the so-called Tangi Gharu, has been eroded through similar lime-

stone, as far as I have been able to ascertain from the Amir's officials who were at

work in the gorge constructing a road. The belt of this limestone must be some

five or six miles wide, although I suspect that there are several distinct bands of

limestone represented within a zone of metamorphic rbcks, the limestone itself being

in most places more or less altered into a very coarsely crystalline variety, contain-

ing mica. At Seh-i-Bdbd, where the road crosses the valley, igneous rocks (serpen-

tinous) appear. This outburst I believe to be north of the belt of limestone of the

Lataband pass, whilst between Sei Bibi and Jagdallak the road passes again over

metamorphic rocks,‘principally gneissose, which contain several horizons of a highly

crystalline limestone, v The Pari Darra, that narrow defile within which a British

force was destroyed in the first Afghdn war, shows the section through this series of

rocks which are gneissose with some beds of mica schist and a wide belt of highly

crystalline marble, the whole dipping under a high angle to the north.

This chain of hills forms a well defined part of the northern ranges of the Safed

The Si^h K6h
under the name Sidh Kdh, all the hills between the

Pari Darra near Jagdallak and the Doronta gorge west of

Jalil^bid is understood. During the early spring of 1888 1 was engaged in

geologically exploring this system of ranges. •

A section through the Si^h Kdh from south to north presents what appears to

Its geological struc* unbroken sequence of strata. Near the middle of

the range, at Bib-i-Kach, a belt of considerable width (at that

spot about six miles wide) is formed by a series of metaVnorphic strata, chiefly mica

and hornblendic schists with talcose phyllites. Some beds of finely crystalline

grey gneiss beds occur in this series, but on the whole the character of the zone is

more schistose. This series is overlaid by highly altered strata, principally lime-

stone beds, within which the old ruby mines of Jagdallak are situated.

The iJmestone belt is quite conformable with the underlying schists and, with

them, has a rolling dip to the north and north-east.

The lifitestone belt may be traced, across the Pari Darra (see above), from thence

hcross the high Jagdallak hills, through which it takes an almost due easterly course

to Amtuk at^ foot of a high crest, whickrises in the Amluk peek to 7,790 foet

;

^ runs from that locality always at theVmthem slope of the main crest of the Siih

SdkiKif foeGaohaopea1m»s^ which it crops out in the valley otthe

O^ver), It may be seen all along thejmarp on the left side otthe river

s See sec, 1, pi. 1
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as far as the Doronta gorge of the Kabul river^ and thence strikes across into the

hills which form the Besdd and Kdnar ranges. This belt of limestone beds is

economically important on account of the rubies which are found within it. They
occur in a highly crystalline, coarse marble, which contains mica as accessory

mineral; garnets and spinel occur with rubies throughout this belt, but at a few spots

are accumulated in nests as it were, and then the entire rock is tinted a pink

colour with the minute crystals of these minerals. With the schistose beds below

the belt is closely connected both stratigraphically and mineralogically, several

thin beds of crystalline limestone being seen inter-bedded with the mica schist

below.

South-west of the Doronta gorge, near Kala-i-Sher, the section through the

limestone is well exposed in most of the small ravines which cut through the scarp.

I noticed that resting on the base of metamorphic schists are highly crystalline

limestone beds in flags, with shaly partings : the limestone, though crystalline, has

preserved its stratified structure perfectly. It is dotted with small rusty spots, which,

I believe, owe their origin to decomposed garnets, which in other localities are com-

mon throughout the belt. Besides this it is highly characteristic of these limestone

beds that white mica in small leaflets occurs in profusion along the plane of

stratification throughout.

Some distance higher in the section near Kala-i-Sher 1 observed some 40-50 feet

Limestone—fossilifer- limestone band almost unaltered and formed by
<>»>»• dark grey hard limestone in which indistinct fossil impres-

sions are visible with many fragments of crinoids. The whole appearance of the

limestone reminded me much of the dark crtnoid limestone
ar oni erous.

Hindu Kush, which also is associated with meta-

morphic strata—a limestone which 1 have placed in the carboniferous system.

The beds above this fossiliferous limestone are much more altered, and are in

fact converted into very fine white marble, fine grained and almost structureless.

It is now being worked as a statuary marble by the Amir’s people. Even in this

marble isolated leaflets of mica* are discernible, whilst higher up in the Section the

marble becomes very coarsely crystalline, which then contains much mica.

The entire thickness of the limestone zone cannot be less than about 3,000 feet

in this section.
^

In the western sections through this limestone, garnets abound in the micaceous

portion of the crystalline beds ; and some 20 miles west of Tatang, rubies were

^ found in the coarse varieties of this micaceous marble,
u y mines.

mines, which are being worked by the Amir,

are situated in the crest of the Sidh Kdh about five miles west of Kardeathal. The
rubies occur as accessory minerals along with great quantities of garhets in a
mic^ebus coarsely crystalline limestone; as well as I could ascertain drily in,

abbnt tsq feet thi^^ Regtdarmines there are not; the workmen, of whom
airO l^^SBlariy qriari^ the ro wherever tho/see the red^

dri the! weaidieiNbd snria^e of the limestone. The large blocks of rock so

Skrid
'

‘and ' eitracted' with hammer ,and^chtsei:'^^^h^^.
“ ikOcm of amriy lost and broken. Minote crystalt r

there nests of

nure,. ^ \
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Emeralds.

Eastern area.

Besides rubies^ spinel is found, which the natives distinguish from the ruby.

Emeralds are said to have been obtained, but I have not

seen any of them myself derived froni this locality. A large

and good emerald was found in the alluvium of the Kdnar river a few years ago,

and is now in the possession of the Amir. This stone may have come from the

eastern prolongation of the same limestone belt.

It is strange that the miners have not attempted to wash for gems in the debris

which is carried down by the hill streams into the Kdbul river near the mines ;

1 myself have found a small ruby of good colour in such debris.

This belt of limestone dips beloW massive gneissic rocks, homblendic princi-

pally; the line of contact is nearly everywhere obscured by intrusions of syenitic

granite which forms both the mass of the Amluk and Gachao peaks. The Doronta

gorge of the Kdbul river has been eroded through this gneiss and prc ents a very

good section of it. The bedding is seen to be north-west about 40^ the strike

being the direction of the range, as continued towards the Kdnar valley.

One has, however, to proceed further east to estimate the

structure of the Siih K6h fully.

The Kdbul river runs near Jal£l4bid through a wide trough formed in recent

and sub-recent formations, partly the enormous fans which extend from the main

range cf the Saf£d K6h northwards.

Crossing the JaUt^b^d valley from north to south to the old village of Hdda
« one passes over a wide expanse, formed of sub-recent and

deposits
y^cent deposits. Immediately south of Jalildbdd a few low

hillocks rise above the level of the very fertile alluvium of

the Kibul river
;
they are composed of gneiss with homblendic granite intrusions.

Garnets are found in both in large numbers, but especially in calcareous veins in the

latter. About four miles south of JaldMb^d the ground rises, and one ascends

the northern limits of the extensive fan deposits which have spread themselves from

the north slope of the Saf6d Kdh into the valley of the K&bul river. Where the

watercourses (dry during summer) have eroded their deep channels the beds forming

this fan are well exposed. They consist of successive and irregular layers of loam

(with sub-angular pieces of rock) and conglomerates, the latter often of enormous

thickness. The present surface of this sub-recent formation is mostly covered in

the depressions by a layer, more or less thick, of a breccia, here and there conglo-

meratic, the pebbles and debris of which are cemented together by a calcareous

matrix, no doubt infiltrated by the flood and rain water, which at times overflows

these flan deposits. The Afgh&ns themselves call this hard deposit Ahinpdsh (iron-

skin). Out of this formation of recent and sub-recent

^ gravels and clays protrude groups of high hills, which, if

looked at closer, are recognised as remains of the rock-

Sub-recent
of Hidn.

oMnW7 the aiea between (he line of Ote SUSh K6h and the main range

of the fad, the eaatent extenabn d the ranges whioh fonn the north

alope of the and fturdier west thf diills about Khdrd Kibnk With the hill

dtnge of the Beadd aian (nordt of the Kdbnl river) these hills ioofh<east of JaldUbdd

fucan h iwtttiiBndMi wkflon and are atrodnialiy connected.

I hMQadUkeni to beformed ebiat/ d « Idghly altered series of slates and catoare*

Oua bada j
amongst die latter of which Bijdtly earystalline limestone if lonad. Their
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base is not seen, but they dip below the mica and hornblendic schists, which

are in situ in the Besdd area north of it, and which form the Girdi Kach group of

hills north-west of thd Kdh-i-Bddadlat. The isolated small hills south of Jaldlibdd

which stick up through the surrounding alluvium, and which are formed of granitic

rocks, evidently belong also to the metamorphic zone below which the Kdh-i-B^daiilat

slate and limestone series dip. The Kdbul river near Jaldldbdd is marked by the ap>-

pearance of igneous rocks, both granitic, as are the low hills south of Jaldldbdd and

irappean, which are seen in the Girdi Kach hills a?ong the river scarp. I think it

highly probable that these rocks appear along a line of dislocation, and they form

the eastern continuation of the Sdh-i-Bdbd outbiitst of trap rocks.

The schistose belt may be seen also in the Bdsud area,

b^Hills north of Jaldli- Jaldlibdd.

A low range runs from opposite the Doronta gorge in a more or less west and

east direction, and is broken through by the Kunar river which flows through the

gorge Darra-i-Abdiilla Kheylt A narrow saddle, the Tangi Pai Kdh, west of the

Kiinar river, affords not only an easy pass into the Shdwa valley, but also a fairly

good section through the strata composing the range. I found the rock to be a

series of metamorphic beds, chiefly hornblendic gneiss, which is intersected and tra-

versed by a complete network of largely crystalline granite ; with the latter occur

veins of pure white quartz and of pegmatite, all of which are fhore or less garneti-

ferous. Gold is said to have been found in some of these veins ^reefs), but I did not

observe any auriferous rock. The Besiid range is flanked near its western ezten-

slon (opposite the Doronta gorge) by wide spreading sub-recent gravels and sands,

which form undulating hills, and near the Kdbul river, steep scarps. The range

is crossed by several very rugged passes, used by sheep and their shepherds only

;

as for instance the Tangi Mardf Khdla near the western end of the range and the

Kafir Darra further east. Both these defiles show similar sections.

Darra-i-Ndr
valley joins the Kdnar valley from the right side,

and formerly was one of the valleys belonging to Kafiristdn.

Large fans and sub-recent gravels fill the base of the valley itself and spread

themselves over the wide basin of Shdwa, affording thus very fertile land for very

extensive and terraced cultivation. The ranges which form both sides of the

valley are entirely composed of metamorphic strata, chiefly gneissose, with granitic

and trappean intrusions. Amongst the debris brought down by the stream are frag-

ments of schistose rocks, which may be in situ higher up.

West of this area, the Laghman valley comes down from Kalmdn and Southern

Kafiristdn and joins the Kdbul river. I ascended the valley

at«afoSh”ont twenty miles and found that the prevailing rocks

which form the ranges enclosing the valley, are chiefly a

hornblendic gneiss, in which there are numerous granitic intrusions. This forma-

tion I traced south into the Sidh Kdh, the entim north slope of whibh is made up of

gneissic rocks wjth some subordinate schists. The Adxak Badrak Kdtal in thefSidh

Kdh leads over this rock series.

Piecing these sections together, it would appear that we have the following

Summary.
divisions between the main axis of the Saf^d Kdh and the

Sidh Kdh systems : •
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In descending order :

5. Metamorphic rocks, chiefly hornblendic gneiss with g^nite. *

4. A considerable thickness of limestones ; traces of fossils. Probably

carboniferous.

3. Metamorphic schists ; trap intrusions.

2. Highly altered strata; chiefly calcareous.

I. Rocks of the main axis, of the Saf6d Kdh.

There are two horizons of calcareous strata
;
(a) represents one or more zones

of chiefly calcareous beds, to which the K6h-i-B^dadlat section and the several

calcareous and marble zones belong which are seen in the ranges south of Khdrd

Kdbi^l and in the Upper Ldgar valley (see below), whilst the division (4) includes

the fossiliferous and ruby-bearing limestone belt of the Siih K<5h, which may probably

be of carbonifero us age.

So far the section between the main axis of the Saf^d Kdh and the Kiinar ranges

appears to be an unbroken and ascending sequence. *The only feature which points

to any fault or dislocation is the line of igneous rocks which appears between

Lataband (Sdh-i-Bab£) and the valley of Jaldl^b^d.

Nevertheless, I believe that the section is not a normal one, but contains several

very steep flexures reversed and with their longer shoulders dipping to the north.

This would make the gneiss of the Sidh Kdh older than the ruby-bearing limestone

zone (4).

To prove this aosertion, however, 1 must refer to Chapter HI, in which I describe

the geological section through the Khaibar hills. The latter, 1 believe, forms the

eastern prolongation of the northern range of the Safdd Kdh, of which the Sidh Kdh
forms a part. *

The ranges near Kdbul, namely, the hills which divide the Kdbul and Chahdrddh

The western and valleys, with the Shir Darwaza and Asmai heights, consist

south-western termina- chiefly of metaoKirphic strata, amongst which gneissic rocks
tions of the SafSd Kdh.

prominent. Though locally much disturbed and
considerably folded#his formation has an average dip to north-west, mostly under

a very high angle. The same series continues in a south-east direction, and 1 found

that the range which forms the left side of the Ldgar valley
ogar va ey.

north of Kata-Sang, and also tfie ranges on the right side

of the valley, with the Shdkh*i-Barant, belong to the same sequence of beds : a

closer study of the latter was impossible at the time, but 1 observed that there was
much folding and consequent repetition of the same series of strata. The pre*

vailing types of rocks are: a hornblendic gneiss series and schists, amongst which*

true ntieg and gumetiferous schists are most common. Several bands of lime-

stone, much indurated and here and there converted into marble, are intercalated

;

and some imp Intrusions (meinphyie]^ 84;>pear at the eastern base of the hill range

which forms tfnf left aide of the L<^ valley near Miiti Khdl and Hossain

Khdh
The range fiorms the right side iSl the Ldgar valley near Kata**Sang shows

^ same tkmiamip hi the Jour. As. Soc., X, p. 74* has given a short

mdmm e|^ range and oppper ores found in the neighbourhood, and I found

Mis of the roeha corteet.
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The pass of Silamt, east of Kata-Sang, leads over a semi-metamorphic band of

limestone, rather slaty in places, which contains some mica, as does the Jagdallak

ruby limestone ; it passes in both directions into a micaceous schist, and I found the

dip of the entire series to be from 60^ to 70P N« W. by N., which dip remains the

same with scarcely any variations in the hills east of the pass.

I explored the Khdrd Kibul valley by crosring into it vtd the Darra Zi Kh£l

north-east of Kata-Sang. The rocks forming the hills of

hills south of it” Khtfrd Kdbol are simply continuations of the mica schist

with gneissic bands seen in the L6gar valley, dipping north-

west : with it aiq;)esr a few intercalated belts of hi^ly altered limestone. The defile

of Zi Khdl passes through the latter, whilst masses of intrusive trap are met with
further south-east near the Sis Tangi.

The hills south of Khdrd KihvA are so much disturbed that it would be extremely
hazardous to say whether the grey compact limestone beds which form the Tangi
Rojdn south of the Khiird Kibul country are not part of the mesozoic limestone
series of the Shutargardan

; mdst probably they are. West of the limestone of the
Tangi Rijan come masses of intrusive igneous rocks which have altered the lime-
stone near the contact into marble.

The limestone band of the Kalagai hill south of Shid Khina in the L6gar valley

certainly differs from the Tangi Rojdn limestone ; 1 believe it is part of the altered

limestone belt which, striking north-east, passes through the La&band, thence east

into the Sidh Kdh range
; and, it may be, of carboniferous age. •

South-west of the Khtfrd K&bal valley 1 found again metamorphic rocks m
Sdrkh-db

range which forms the right side of the Sdrkh-

ib valley (near Padshdh Khdn’s forts) and north-west of the

Shutargardan is chiefly formed of mica schist with clay slates. Some five or six miles

east of Fadshdh Khdn’s fort near the Stfrkh-db 1 observed that this metamorphic
series is faulted against a limestone, which further north-east (in the Tangi Rojtfn)

is strongly developed. The locality (not on our maps) is where two side-streams,

the Darra-i-Sar-i-Chasma and the* Akhdr Darra, join the Stfrkh-db valley ; near this

spot is a mill, called the Dtfgh-i-Asid. The rock in siiu near this point is chiefly

mica schist, with which are associated beds of greenish grey phyllites and talcose

schists, the whole system dipping north-west about 50^ to 6o^
The high hills to the n6rth (K6h-i-Sultdn Ahmtfd Kabfr) and north-east, in

which the Tangi Rojtfn (already noticed) is situated, consist

Twlgl limestone, very much disturbed and shattered

in every direction. Just l^yond the mill Dtfgh-i-Asitf a
Jault, very clearly seen along the hillside, has lowered the limestone to the level of
the mica schist. Several minor faults accompany this dislocation and have brought
wedges of this limestone within the belt of the mica schist There is a considerable
difference between Ihis limestone and the n^y limestone bands which I have
already noticed eo tom belts within the metamorphic rocks. TUbugh 1 have no
fosstls from the l]|tngi Rojtfn limestone, I believe 1 am correct in classing it with the
limestone masses which form the Shutargardan and its adjoining country, and which
ire most probably pf rhsstic age*

This part of the section already belongs to the southern skirts of the Saftfd Kdh
which, as akhndy said, is formed by a zone ofchiefly mesosoic soeke.

B
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We have seen that the highest crest o£ the Saf4d K<5h (the Sikaram) consists of

between me- altered beds, and that there are netamcrphic strata

tamorphics and southern between itand the Siih Kdh north of it. A glance at the map
shows that the Sikaram forms a nucleus from which two main

hill systems branch oS,->-one to the .north-west, connected with the metamosphic
rocks (A the hills east of Khiird Kdbol ; the other to sonth-west directly joined

to the limestone (mesozoic) of the Haz^darakht and Shutargardan area.

How the mesozoic rocks of this sonth-eastem branch are joined to the metamor-
pbic schists of the Safdd Kdh can only be conjectured, but the actual presence of a

system of faults in the area east of'Padshih Khdn and south of Kbdrd Kdbul (Tangi

Rdjan) seems to ptrint out the probability that the contact between the southern area

and the main axis of the Safdd Kdh is also a faulted one.

Farther researches in these regions will have to decide this point and also

whether my view is correct, namely that the north-western sections from the Safdd

Kdh to the Kdbul river conespond to the Khiubar sections, which latter form a series

of reversed flexures (see pi. i, sections i and 3).
»

Much clearer were the sections south-west of the Shutargardan. A topographi-

cal survey which I had to make of the country between the

and
Shutargardan and Ghazni for the Amir of Afghdnistfln afford-

ed me the Of^ortunity of studying the geological structure

irf this area more in detail.

A range of hills runs due south-west from the Shutargardan towards Shilghar,

tn route dividing Kharwdr from Zurmutt aqd Garddz. The north-western slope of

this range of hills marks a line of fault, which I believe to be the south-western

extension of the great Safdd Kdh dislocation, already spoken

of above. Whilst I can only assume^as probable the exist-

ence of such a dislocation in the central and eastern areas of the Safdd Kdh, it is

here abundantly evidenced in the sections which may be seen along this line south-

west of the Shutargardan.

This fault forms the most characteristic feature-of the geological structure of this

range of mountains. The entire area of Kharwdr itself, with the exception of the

south-east boundary range of it and the hills lying to the north-west of the Shutargar-

dan, are formed of rocks other than mesozoic ; the principal area being composed of

crystalline rocks, probably of palaeozoic age, with patches of tertiary deposits, whilst

the area lying south and south-east of the line of fault is distinctly characterized by

mesozoic deposits only.

This, as will be seen, is also the characteristic feature of the same line of disloca-

tion in the eastern area (see Fart II). ,

Abundant intrusions of igneous rocks, chiefly basic ones, aiq>ear along the line

of dislocation. Beginning nearthe Shutargardan, I found the
Igneous rocks.

Kdtal-i-Sbinkdi, between Khdshi and llobandi (west of the

ShntargurdtmX flomposdd of a pn^yiitic trap (melaphyre), which near the top of

the K<^ ooptaiaa Incltuioas of blocks at limestone, which are mostly changed into

marble. It ii die sane trap robk wKich further north-east is seen to fill the area

betveen the ahNM fooka of the main nmge of the Safdd Kdh and the sedimeatiiT'

fpidtoftheshniar^i^^ <

VInnAi trap roclm mg hb tmeed aeotb-west for some distance ; are Again ingteat
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force in the passes which lead from Khaiw£r to AUimtfr ; are seen at the base of the

hills which l^und the^Khwija Angdr valley on the east side, and are strongly deve-

loped in southern Kharwir, where they occupy the boundary between the mesozoic

rocks and the metamorphic palaeozoic area.

The north-western and principal area of Kharwdr ^ Is formed by metamorphic

and sub-metamorphic strata. The description given gl the

cf Kharwdrf*^*^ rocks of the Si4h Kdh applies also to the older Rharwir for-

mations. Gneissic and schistose rocks prevail, the latter

containing some bands and irregular beds of^ graphite. Two distinct series of

limestone beds are intercalated, which I believe to be the south-western continuations

of the older limestone belts already noticed when describing the Ldgar and Siih

Kdh ranges. They, along with the metamorphic rocks, are too much shattered and

folded to afiFord clear sections, particularly as some granite intrusions have obscured

the rocks still more by a good deal of contact metamorphism.

Near the lines of contact y^ith the granite I noticed some metalliferous veins.

.. ^ . Noticeable amongst them are (i) Carbonate of copper traces

at the K<5tal-i-Maulana (south of it)
; (2) Galena traces near

Ursdk (southern Kharwdr) ; (3) Galena (argentiferous) traces near Zanakhan.

The whole of this area of North-Western Kharwdr, I believe, cannot be younger

than carboniferous, and may possibly represent the entire palaeozoic group.

It may be looked upon as the most south-western extension of the Safdd K<Sh

palaeozoics; in fact, the range as such ends with the Khalwir hills, which lose

themselves in the more open country kouth-west of it, the Ghazni district.

Tertiary rocks make their appearance there and overlap probably both palaeo-

Tertia rocks
mesozoic rocks unconformably.

‘ ^ Eocene (nummulitic) limestone and shales are tn sttu

in the southern portion of Kharwdr, where they form the hills over which the passes

of K<5tal-i-Ardd and K6tal-i-Ao-Dakdi lead into Shilghar. They overlap the meta-

morphic rocks unconformably, and are cut off by the great Safdd Kdh fault from the

mesozoic rocks south-east.
^

The deep valley of the Ldgar river with its numerous tributaries has eroded the

area*connecting northern Kharwdr with the older rocks of the Ldgar ranges, which

dre patt of the^'^north slope/' of the Safdd Kdh. This wide area is now, as also

the deeply-erdded centre of the Kharwdr valley, covered over by the recent and sub-

recent deposits and enormous fans, of much the same character as of the great

Jalaldbdd Sub-recent formations already noticed.

Very well seen ate these deposits in the deeply eroded V-shaped valley of

Khdshi, where algood section through the clays, shales, and conglomerates compos^
ing the formation may be studied.

South-east of the line of fault above described I found a belt of mesozoic forma*

tions, which are in abrupt contact with the metamorphic

(1) KtotSSn"" igneous rocks which fill

* in the line of fault. Towards the south-east they are of

unknown extent,

the range which bounds Kharwfir along the south-eastern margin forms an

* See. sf pi. 1.
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almost straight line of scarp^ running in north-east to south-west direction. To*
wards the south-east I found it sloped down in several undul^^ng flesraVes, whilst a
narrow zone of low hills (mostly of rounded contour) skirts the scarp along its

north-western base. Two saddles lead over the range into Zunnutt-^the Dahdna
Drang and the K<5tal-i-Zint^—and both afford fair sections.

I could only distinguish two divisions in the sequence of beds.

The low hills which skirt the north-west scarp ar^ormed of earthy shales and
sandstones, which are much altered near the contact with the intrusive traps which

have filled up the line of fault alrcjftdy noticed. The shales and sandstones have a
much disturbed, rolling dip, and they are so much crushed that it would be impos-

sible to say to which geological horizon they might belong if it were not for a
slightly less altered portion of this formation near the Kdtal-i-Zintdga, which strongly

resembles the fossiliferous beds of Dobandi, which I shall notice further on.

They are overlaid, probably conformably (but the beds are too much crushed to

be certain of this), by strong limestones, which form the entire scarp from the Kdtal-

i-Altimdr to the Kdtal-i-Zint^ga. It is a hard grey limestone In thick beds, which

shows traces of fossils on its weathered surfaces. The high rugged peaks overhanging

the Dahdna Drang are also formed of this limestone, which there yielded sections of

Dicirocardium{}) and abundant Lithodendrons weathered out on the surface of the

rock. Both these organic inclosures place the rhaetic age of this limestone almost

beyond doubt, and therefore the shales and sandstone beds belowmust be older, the

structure of the sectiod being evidently a normal one. Although these shales have not

yielded any fossils in KharwSr itself, I venture to place them together with the sand-

stones in the upper tries or lower rhaetic. In the Seighin valley, about 130 miles due‘

north-west, the section through the upper trias (plant beds) and rhaetic limestone

reminds me much of these Kharwdr beds, and, allowing for the great geographical

separation, the two sequences are remarkably similar. In some of the Central

Himdlayan sections I have also found a series of earthy shales belonging to the

upper trias overlaid by a great development of rhaetic limestone, as indeed in nearly all

the sections through the middle mesozoic marine 6eds in Asia with, which I am
acquainted. There are clear evidences of a great change in physical conditions

having taken place at the close of the upper trias.

Such change of physical conditions must have taken place when the deposits in

the South-Eastern Kharwir area passed from fine shales and sandstones into pelagic

formations like the coral (Jithodendron) limestones of Dahina Drang and the

Shutargardan. This change is well marked and curiously corresponds with the

features as observed in the Himalayas and in Afghdn Turkistdn, and must mean

widespread increase of ocean depths at the beginning of the rhaetic period.

The area of the Shutargardan is closely and directly connected with the Kharw fx

^ ranges. The nucleus of high points, .consisting of the
(a) ^hutargaidM.

Shutargardan,the Machagdb, and the Saratoga, with its south-

west extensions to Kharwdr, are skirted along their western slopes by low hills,

which are deeply eroded by a number trf^tavines. Structurally considered, the low

hills are composed of a seriel of sandstones and shales, overlaid by the hard Ihne*

Msne formadon ef iAidh the high peaks named are composed.

> Soeot, pL I.
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West of this belt of sedimentary beds the traps described above have intruded

along the great Saf6d K6h dislocation, and in the numerous faults which accompany
the latter* Some of the softer beds of the shales and sandstones have sufEered

alteration : considemble areas having been converted into red brick-like rocks. The
contact between the igneous rocks of Dobandi and the Kdtal-i-Shinkii is remarkable

for the veins of copper ore which are found along the contact zones. The shales

and sandstones north-west of the Shutargardan are Yar too much shattered to give

any bat partial sections through them. They appear to form several very steep

and crushed flexures, dip more or less north-\^est towards the metamorphic strata

which are in situ on the other side of the great dislocation, and again dip below

the limestone of the Shutargardan south-east of Dobandi. A continuous sequence,

however, I was unable to discover within this much disturbed belt.

A deep ravine, with many side-streams, runs into the Dobandi valley near the

village Shinkdi, after pursuing a more or less south-westerly course. This, the

Ldhazour (great ravine), cuts through the sandstone series. The beds seen in

the valley dip about 70® W. N. W. and consist chiefly of calcareous grit with

helemnites and alternating with sandstone which contains numerous plant

impressions, too indifferently preserved for determination, and grey sandy shales.

Thin seams of coal, none of them more than half an inch thick, are common
throughout the series, and are well seen near the village of ShinkSi. The whole

series reminded me strongly of the upper plant-bearing formation of Turkistdn and

of the Saigfain sections west of the Hindu Kush ; I also believe them to be identical

with the shales and sandstones of Kharwar, which, as shown, underlie the rhaetic

limestone. The plant-beds of Ldhazour are broken through by serpentinous traps

and melaphyre ; near the contact between the igneous rocks and the sedimentary

series 1 found copper-ore traces. Some three miles north-east of Shinkdi village,

a low saddle leads into the Chindr Kheyl Darra, where I noticed a bed of dark

needle shales, almost resembling Spit! shales, intercalated between the plant-beds,

and they are traversed by a trap dyke, which has converted the plant-series near

the contact into a semi-metamorphic schist. The dip of the shales is there about

50® to 60® N. W.
The dip increases as one follows the beds in a north-east direction; in the

Jerobai ravine the needle shhles are raised almost vertically and near Tangi about

80® N. W.
Thin seams (half inch) of coal are found throughout the formation, but are

apparently all lenticular, often only carbonaceous traces along the bedding of the

• shtJes.

This plant-series dips below 'the limestone which is in situ at the head of the

Dobandi valley, and which forms an undulating cap over the plant shales for many

miles east and south-eastwards, associated with red beds near the base. The deep

ravines which drain west into the Dobandi stream (Ldgar valley) %nd east into the

Kurum valley have cut through this limestone cap, and thus we find east of the

Shutargardan, at the Sirkia Kdtal, which leads into the Hazardarakht valley, again a

section of plant-beds, conformably overlaid by the light grey limestone which

composes the Sarat<{ga and Karat^ga bills. I believe it will be found that not only

IJie Shutargardan, with the high peaks east oS it, are formed by this limestone, but

that this formation extends far east into the Kurum valley, and finally may take part
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in the structure of a large portion of the Urakzai hills noiLh of the cqpntry visited

by the Miranzai Expedition.
**

1 have not found any fossils in the limestone uhich overlies the plant-series of

Dobandi;and the rather poor organic remains which occur in the latter have not

been determined yet» but of the continuity of the Ddh&na Drang rhaetic limestone

into the Shutargsurdan limestone, there can be no reasonable doubt whatsoever*

This would place the plant-beds of Dobandi and the much altered shales and

sandstones underlying the rhaetic limestone of Kharwdr into the same horizon, and

both approximately into upper tria^ or lower rhaetic.

The find of a limestone boulder with a lithodendroid coral in the Shalindr

stream east of the Shutargardan (see page 78) would then assume further import-*

ance, for it seems almost certain that this boulder must have been derived from the

Shutargardan rhaetic limestone.

My observations extend no further towards the main range of the Safdd Kdh
in this direction ;

between the east slopes of the Shhtargardan and Karat^ga and

the sections through the Southern Urakzai hills there exists a wide gap, which I see

no prospect of filling in for some time to come. What rocks may be found in this

area one may only guess at ; but a considerable similarity in the leading features of

the western and eastern sections through the Saf^d Kdh, and a great similarity, if

not identity, between the sections of the Sidh Kdh and those through the Khaibar^

which both form, the northern skirting ranges of the Safdd Kdh system, may

entitle us to form some idea what may be the structure of the central portion of the

great range. 1 believe it will turn out that these intervening ranges form sections

through the entire mesozoic group with, perhaps, a still more southern skirting belt

of tertiary rocks, the whole separated, as it were, from the palaeozoic series of the

main axis by a long fault or series of faults.

II.•^Geological Results of the Miranzai Expedition.

My geological reconnaissance of some parts oi the Urakzai hills was limited to

ground passed over daring the progress of the Miranzai ex-Am examio
. pedition in January and February of this year ; this area

comprises parts of three valleys, all inclosed within spurs of the Saf6d Kdh. These

are the lower (eastern) portion of the Khanki valley, the Sheikhdn darra and part

of the 2dra valley. The ranges inclosing these valleys skirt the main range of the

Safdd Kdh^ and are stnicturally and orographically connected with the latter ; whilst

the drainage flowing from these skirting bills belongs partly to the Kohdt Tow4

«

partly (the Zdra river) to the Peshdwar basin, namely the Bdra river.

Viewed from any of the heights of the Mirant district^ south of the Urakzai

country, it appears as if the area north of it were formed by
^ ^ ^ uninterrupted sequence of strata, all dipping

in a northerly dueotion. On nearer approach, however^

ttiis sequence tti SVata is found to emsist really of a series of flexures, often

Ifwsed, fiikili tdiiMOljr fhftm an east and west strike, but which are evidently

by which have produced in some cases a stme^
seen in areas lorMed b7*revtersed flexures.

Jprmer boundary between the Kohdt district and the independent tracts^

a
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confortned to a large extent to the tmtnral features of the country, i.e. it ran more

or less along the foot oT the Urakzai hills.

A glance at section 3 of pi. i will perhaps better
Geological structure,

explain the geological stractnre of these hills than a mere

description could.

The Lower Khanki river valley has been eroded more or less along the crest

of an anticlinal. On the southern shoulder of it Hie tertiary series is seen to

rest conformably on older limestones and quartzites which 1 look upon as creta-

ceous. Near the base of the Khanki valley itselt lower limestones and fossiliferous

beds appear, which may be possibly jurassic, but north of it follow again cretaceous

rocks which form one or two much disturbed folds, within which (in the Sheikh^n

valley) some^beds which are possibly Jurassic appear. > Beyond this point of the

section the beds seem all to have a northerly dip and to consist of the same creta-

ceous and perhaps nummulitic formations, but, as 1 have not visited the more

northern valleys, I am unable to decide how they are related to the Sheikh^n and

Samdna ranges. The hills inclosing the Zdra valley (of the B£ra river drainage)

are still the same cretaceous rocks seen in the Samdna range, but I fully believe

that somewhere between the valley of the Bara river and the main range of the

Safdd K(5h the feature will be found to be repeated, which I have desaibed in the

previous chapter as occurring in the Kharvrdr and Shutargardan areas, namely ^

well-marked dislocation, which has brought the mesozoic sequence of the southern

ranges into faulted contact with the older rocks of the main axis* of the Saf^d K6h>
1 trust the time may not be far distant when this question can be settled by a

visit to this unknown zone.

List of fonnations.

« • t Eocene.
* ^

. . Nummulitic P

Cretaceous.

I found the following formations present within the area

examined during the progress of the Miranzai Expedition

(In descending order.)

1. Fans and recent gravel deposits.

2. Olive and reddish brown slays •

3. Limestone with nummulltes

4. Hard white limestone . . .

5. Grey limestone
;

fossil traces

6. Quartz sandstone series

7. Limestone and shales with fossils . • . • • Jurassic P

Near the base of the Khanki (valley^), on both sides of it near Gwada and

, ,
. below it, I found a series of hard grey limestones, with a

few partings of shales, and near its upper limit, of quartzitic

'beds, which series has yielded some few fossils, chiefly hraMe^eds of joiassic

type. This division seems fedrly rich >n fossils, the traces d which may be seen;

on the w^ath^red surfiMes of t^ rock» and had I been able to stay there longer, ft

l^w fweii po^ble to liudte a better ocrilecflon ; as ft is, the specimens

nttt soili^^ in li'^ber and goodenon^ in preservation to dei^nnine .their

wi& dotteiU?. Ihit 1 think it vhry probable that ttwy are not yonng» thmi n^iji^

f Opt at fh^ bake iitftm cxetaceOns rocks in die

of Lnghntd^>> w^eire^y fre associated wi& soft eaiihy sbalo^t^gtnGitdib

^
V' - .is' V. ''

,

,
* See pl. 1, Iftc 3.
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grey colour; the limestone beds there contaid hraehiopois, but nqit the shales

which are strongly developed in the nanow valley in which Miirchina is situated.

The beds immediately above the fossil*bearittg limestone of Gwada consist of

Cretaceous
;

Quarts- A hard, grey to faintly pink quartz sandstones with cal-

sandstone. careous beds and grits.

The quartz-sandstone is often spotted with ferruginous markings (decomposed

garnets ?), and, as far as I fouAd h, unfossiliferons. Its thidcness I have not been

able to estimate, as most of the hillocks were too much covered with snow during

my stay in that country to permit a' closer study, but it is probably not less than

two or three hundred feet, if not more. It seems to vaiy a gdod deal in thickness

;

so, for instance, its thickness is much greater in the section north of Gwada than

in the Samina range. This division reminds me a good deal of the quartz-sand-

stone of the Takht-i-SuIaimdn range, where it forms the lower cretaceous, overlying

what I believe to be upper jurassic beds.

This quartz-sandstone appears also immediately above the hraehiopoi limestone

west of Laghardarra in the Sheikhin valley, and I have seen it near die top of the

pass which leads from Bar Marai to Zdra in the Stdri Khdyl country, but in both

localities I was unable to distinguish it on the map, as the boundaries were too

much obscured, and my stay too short to record them on the map.
The upper beds 'of the cretaceous system of the Urakzai hills are formed by a

Limestone
; Upper < series of strata amongst which a grey hard limestone is most

cretaceous. ' prominent In lithological character it does not difter from

most of the luppuritic limestones so common throughout the Perso-Afghdn area.

Beds of shaly limestone and of quartz-sandstone, especially near the base of

the division, ate common. Fossil traces are seen on the weathered surfaces, but I

obtained nothing which might be determined. One fossil fragment, possibly of

a hipfuriit, I found on the SaOlina range.

Tlie greater mass of the Samina range, the hills north of it, and also the Star,

ghar range is apparently made up of this upper limestone, but it is quite possible

that part of it belongs already to the next higher horizon.

The great mass of the Mazjogha (7,890') is composed of beds dipping about

ao” N.N.W., and as fv as one may venture to guess, is chiefly made up of

cretaceous strata, the western continuation of the StargUkr range.

Rocks of tertiary age I found only along the southern skirts of the 'Samana

range, therefore in Britidi territory. The beds resting

conformably on the upper cretaceous grey limestone of the

range are hard white limestones, which are intimately connected with tlm,

strata directly overlying them, and it seems therefore best to include them with the

latter amongst the eocene (nnmmnlitic) rocks. Resting on tiiese hard limestones, 1

fonttd hard limestones, genc^ly light colotired, which yield in ahundfeace nummmlites

and traces of coAils. They are orer&id by softer beds, containing also mummuRUt,

amongst which earthy greenish grey, sometimes oUve coloured clears and soft shales

are commonest, They are aifsociated with red beds, whidi form a large area In tire

J^tdistriei Snedi^of thb eotnme section, near Darhmd, tlm area eiainlne^

gte a41aimi Qie sections thwerlM hy Mr. Wynnd who has made out the sncoessioii

M Ihi lesiiiWT serim in tim Shblh d^
< Bee Records, XII, p. too ff,
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All the valleys within the Urakzai hills possen extensive accumnlations of snb-
* recent deposits of gravel and fans, which may especially be

veta?”*
seen largely developed in the Samilxai tributary valleys of

the Koh^ Towi. The terraces cm both sides of the Gorbin
river (higher up the Khanki stream) near Shew*Kheyl (Shew, on the map) expose
these bn deposits very excellently.

They are mostly made up of rolled fragments of rocks of the near neighbour-
hood (cretaceous aud nummulitic), with irregular layers of finer grit and loam.
The pathways leading to Jangal pass over high terraces and ridges composed
entirely of sub-recent gravels and fan deposits, shot out from the ravines of the

ranges east and west of it. The wide valley of the Samilzai country, comprising
several streams, as for instance of the Shdga and Knriich ravines, is almost
entirely covered by such terraced deposits of gravels, grits, and loam, which
the margin of the hills have been joined by great fans, which have brought down
sub-angular fragments, whilst the gravels and conglomerates of the terraces are

clearly river-transported deposits. Amongst the fragments contained in these

deposits 1 have only found rocks evidently derived from the cretaceous and
nnmmulitic formations, which thus seem to form the high hill masses of the

Mazjogdh and adjoining peaks.

DeseriptioH of Sections.

Section hetvoeen Darhand and Gwdda in the vall^ ef the Khanki i?rWr.—The

village of Darband lies at the foot of the southern slope of the Samdna range which

at this point has a direction almost doe east and west, and divides the Khanki river

from the southern tributaries which eventually forqi the Kohfit Towi. The ground

between the Samina range and the hills of the Miranzai country forms a valley

varying from a to 6 miles in width, and is much broken up by smaller strumswhich

have eroded the trough into numerous smaller drainage basins, separated by low

ridges. These secondary valleys are generally fertile and cultivated, as for instance

is that of Hangd and Darband. Roughly speaking, the boundary between the

tertiary formations and the older rocks runs along the foot of the Samfina range,

which b chiefly formed by the latter, whereas the low hills along the skirt of the

range and situated in the valley of the Upper Kohdt Towi are all composed of lower

tertiary beds. The village of Darband itself lies close to the boundary between

nuntmuUtic limestone and some massively bedded limestone which has not yielded

any fossils but wbidi I include with the nnmmulitic limestone ; the latter is asso-

ciated higher np with green shales of a bright olive colonr and red sandstone beds,

tile dip of udiidi'ia nearly exactly so” S. E. The ditierence between the hard-

grey Hmestone nnderlying the nnmmulitic beds and the latter itself is also plainly

shown in the^anrfrme configuration of the country.

The Satnina range presents in most sections an irregular dip slope towards

Samiaa raii||«.
the sontii whilst denudation has resulted in the foRmniw tA

a second range, sooth of the former, hot composed of

mraunnlites entirely, which, whilst showlpg generally a steep scsip to the north,

dip also sooth to south-east under an angle of about so**.
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The temporary road constructed by the troops of the first Miranzai,Expedition

when advancing from Darband to Gwdda in the Khanki valley, passes over a very

fair section of the strata which underlie the nummulitic series. The ascent over

the southern slope of the Samdna range winds along a spur sent out by the

Limestone beds
*8^tter; the rocks passed en are more or less exposed
in a dip slope, the beds of which are much cut into by

ravines, and there is also a considerable amount of jointing visible, as it might be
expected in rocks of this character. I passed over a great thickness of hard,

massive limestone beds which uncksrlie the lower niimmuHtic limestone men-
tioned ; they are much weathered on the surface, on which traces of fossils may be
detected, apparently of small bivalves and brachiopods, which, however, are not

separable from the rock itself. This Is alternating with flaggy beds of marly lime-

stone, with occasional reddish patches. Towards the top of the K6tal-i-Darband

(4,440') the beds become more massive, and I found intercalated between them a

considerable thickness, certainly of not less than from *400' to 600' of a very hard

Q ts sandstone
grey to rusty brown quartz-sandstone in thick beds.

’ "
' This sandstone reminded me much of the similar sandstone

which forms the great mass of the base of the Takht-i-Sulaimdn range some 120

miles south-east of the Samdna ridge, and I believe 1 am right in identifying both

these formations with lower cretaceous.

The crest of the Samdna range is seemingly entirely made up of beds of this

division, though there are partings, and here apd there considerable thicknesses of

limestone, mostly light grey in colour, intercalated between the quartz-sandstone.*

The top of the Darband Kdtal is chiefly composed of the latter, whilst I noticed

beds of the grey. limestone making their appearance lower down the division. The

descent from the Kotal to the Khanki river valley near Saifaldarra is down a

rugged ravine, on both sides of which a pretty good section of the lower cretaceous

is exposed. The road leads over the upturned beds of a descending section, the

strata of which dip about 20^ due south. Thick beds of the quartz-sandstone are

Inter-stratified with occasional beds of marly limestone, and even a few beds of

calcareous ^ales, which most of them show fossils in
Brae opous,

abundance—brachiopods which are rarely in condition good

enough for determination. *

Towards the base of the section, near Saifaldarra itself ("which is situated on a

slipped mass and fan deposit), the limestone predominate, and in fact passes into the

* lowest beds exposed, a darker grey, very hard limestone
jttrass/s.

fossils, which 1 look upon (see list of formatiorls, p. 83) *

as u{^per furassic in age.

Section north of jBh»sgd,-*-The Samina range north of Hangd presents almost

identically the saw section. Hangd itself is built on recent gravels and the fast

deposit shot out ftoln the ravines eroded out Of the nummulitic limestone, which

forms a chain of low bills skirtings the Satodna range along its, south slope,

tie path which leiluls ftm Hangd to Tdt&ndla in the Khanki valley, passes

tltdugil h IMP between these nummulitic limestone bills,

TsSusstiaiMsai ^ ^ ^^0 g About a mile

belt »artb of Hugd the fwah loeds along the side of the nummulitic

and I noticed them Ilie hard grey unfo^lUerous limestone (4 in the
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above list of fonnations) dipping below the marly nummulitic limestone. It

forms at this point an isolated hillock, and is separated by fans and recent

deposits from the Sam^na range itself. One ascends there a very disturbed

and irregular dip slope to the Tdtim^la pass^ The section is very similar to the
one north of Darband. At first one meets limestone with traces of fossils> and
near the crest of the range itself hard grey and reddish brown quartz-sandstone.

The dip of these beds is about 30° S. and they seem to overlie con*

formably limestone beds which are in stiu lower down on the north slope of the

Samdna range, which is here between 4,000' arfti 5,000' high.

The Kkanki valley and the range forming the north side of it,—^The Khanki
river has eroded a deep V-shaped trough along the axis of an anticlinal (see sect. .3,

pi. 1). There are terraces formed on each side by the spreading fans which issue

from the side ravines and collect at the base of scarps ; the river, cutting through
these fans and winding from one side to the other, has produced the more or less

level accumulations of debris known amongst the frontier people as '‘Kuch.”

They are usually well cultivated, and form village sites as a rule ; such terrac^

are situated on both sides of the valley near Gwdda^ where the troops of the

expedition were halted for several days. South of Gw&da the Samdna range

descends in a series of rough spurs, whilst the opposite side of the valley presents

huge scarps towards the south, thus forming fine sections through the anticlinal. A
.

ravine joins the Khanki valley about ^a mile and a half east

tavincu
^ Gwdda, and, as it intersects the bedtf at a right angle, it

affords a good opportunity to study the sequence of bed&
It issues into the main valley not far from a village called Narai, consisting of a
tower and a few huts. As mentioned above, the river Khanki has eroded through an

anticlinal along its axis; the beds forming it are seen to dip from 20^ to 25^8.8. W.
and about 30** N. N: £. The lowest beds of the anticlinal are exposed on

Lower limestone.
both sides of the valley near Gwdda, and they are seen

for several miles downstream. This horizon is formed

chiefly by limestone beds belonging to the division (7) of the list given above.

They are especially well seen in the steep scarp on the left side of th^, valley,

where a thickness of about 250' of hard, flaggy dark grey limestone, with some

subordinate beds of calcafbous shales and thin-bedded limestone, is exposed, their

base being hidden. Fossil traces occur throughout the limestone beds, but are

difficult to chisel out of the hard rock. Braehiopods and
.

Fossils.
smsiW bivalves are common, amongst which a small ostrek

seems to ^11 the rock in places,
. .

1 have no direct fossil evidence regarding the age of this divisioh ; the lithological

cham^r, ^sp(ecia|ly of the shales intercalated in the limestone, together with4he

fact, series underlies the qumtz^^ndstone division, remind me strongly

simile seqn^ncein the section of the Takbt^Sdlaimin, where a iretnceou^^

sandstone nbodynriie^ ah upper }uira8sid (^^ s^ies of shaljmr!Sh4i^^^
stonef At hll even^ the limestone ^vision (7) can ^sc^
lower cre^ous/ ' v' ' - '

- ‘/'V*

,
di^ion 103^8 6n both sides of the entrance to the raidim near

Narau, and I dbserii^ 4ip about if Ni nad ’ Aseji^-

tog the ravine, hhd ils^ t^erved the isame limer
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stone for some soo yards higher op, scarcely, if, at all, varying in character. It

is overlaid by same %d to Ad of a^very hard* calcareous,
Quaftz-sattdstone.

brown sandstone with rusty spots ; I found a few fossil traces,

Hamites?

Upper limestone.

amongst which fragments of what appears to be a cephalopod {kamifes /)• Resting

on this sandstone, 1 found a great thickness (some 8o' to

loo') of marly limestone beds with conchoidal shales and
partings of very hard marly limestone. They are mostly of light grey to lavender

colour, with dark grey beds which weather brownish. They contain fossil traces,

sections of shells, carbonized fragments of stems, and fragments of lignitic wood,

none of which 1 could separate from the surrounding rock. The series dips 50®

N. N. E. and is followed higher up by calcareous sandstone with a few quartz-

sandstone beds of light brownish red colour ; ferruginous concretions occur in the

former, whilst the latter forms the greater mass of the remainder of the cliff. Close

to the top of the latter, however, hard grey limestone appears

again in beds of from a few inches to over two feet in thick-

i^ss, generally flaggy in character. Nearly every bed seems to contain fossil traces,

but I could not find determinable specimens, the surrounding rock being so much
harder than the shells themselves. The dip remains still to north-north-east, and

from the heights overhanging the left side of the Khanki valley, 1 observed that the

same limestone bedsdorm the hills immediately to the north of it. Dip rolling, but

on the whole to the noyth.

The section betn^een Darband and Saifaldar/a, which forms the southern shoulder

of the anticlinal, and the sequence seen in the ravine north of Narai is identical and

in descending order as follows :

—

r (d)i Great thickness of grey limestone with sab-<v

5* s ordinate sandstone beds * fossils indistinct I Upper
C and hard to get oat of the rock. )

^
(e) Quartzites and quartz-sandstone in massive

L beds with ferruginous concretions. 3
^

Limestone beds alternating with great thickness of \

calcareous shales with ferruginous concretions ;/

) marly grey limestone with fossil shells and partings
C

^ji

’“a of one or two quartz-sandstone beds.
Neocomian P

f (a) Hard, dark grey limestone with partings of cq^careou^X

shales ;
many fossils, chiefly small biwalves, J

Stdiens in tie Skeikhdn valley. march of the Miranzai y-rp^litinn h:om

GwMa to the Sheikhin rcountry wu at first down-stream to near Shew Khfiyl and
thence over the snb-recent gravel and fon deposits of Jangal and Mfr Askar to the

narrow, but highly picturesque valley of Sheikhfin. On the way there little is seen

which rronld clear up the geological structure of these hills ; the qnarts-sandstone
' and (be onderlyiiig grey shell Umestone may be seen on each idde of the iCliMfc

valley («f the Gkubin river) dipping idore or less north and south. Nea^ Tori the

secdon dips more south’eaat than south, and Utus disappears ]nst west of Shew Khfyl
below the fan deposH on which that placetsWit.

There is «0t aetih hntiuctUm to be gathered from the very extensive fan and

^ gravel depodts of Jangal and MirAskar during a long mardi
hidfole the surrounding country may be seen,aad

^ ’

it bedottiM evident Oat a second, though crashed, aaSh^nal

^Cretaceoos.
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follows north of the Gwida flexnre ; the Sheikhdn stream having eroded its coarse

through the beds formjng this fold in much the same manner as the Gorbin river of

the Khanki valley has done. Bnt onr stay at Laghardarra was too short, and the

weather too unfavourable at that season of the year to do mpre than reconnoitre

the valley. Two streams—one soq^, the other north—have scooped out narrow V-

shaped valleys, and flowing out and eatt>south-«ast unite near Drang] (Dran),

where they form the Sheikhin stream, which is knowp further down as the Shdga

stream. Numerous ravines cut into the hill ranges bounding the valley, but I

had only an opportunity of ascending the tw^ principal branches of the valley.

The hills bounding the valley on both sides are made up principally of the

qnartZ'Sandstone and upper limestone of the cretaceous system, and it appears most

probable to me that a line of fault runs east and west through the Sheikhdn anticlinal

exposing between the village Drang (Dran) and the range north of it, the lower lime*

stone and shales underlying the quartz-sandstone already described. Such supposi-

tion seems most probable, from the fact that the upper cretaceous limestone. Which

forms the range on the right ade of the valley, apparently dips below the lower cre-

taceous beds north of Drang. Not only this, but looking up the valley west of

Drang, the bedding of the ranges forming the head of the valley indicates a crushed

fault, probably the remains of a fold-fault. Light grey earthy limestones with fossil

traces are seen in the southern branches of the head waters|of ^e Sheikhdn stream

south-west of Drang. They are associated with ochreons yellowish green, to

brown shales, in which I did not find any fossils. The vafley which forms the

northern branch of the head waters 'of the Sheikhin stream shows these lower

fossiliferous limestones a trifle better developed. North-east of Drang this lime-

stone with earthy shales is si/u, and there the former has yielded some 6ra~

chiopods : 1 look upon this series of beds as either upper Jurassic or neocomian,

and they underlie the quartz-sandstone of the lower cretaceous, which I have

already described in the Samdna section.

The pass which leads from the Sheikhdn valley to Torsmats was at the time of

my visit so much blocked up by snow that I found the greatest difficulty in even

ascending to the foot of it; the rocks which form the north side of it (left side of

valley) seem to belong to the lower cretaceous sandstone, and are overlaid by grey

limestones, all dipping north-west and north to north-east about 40°.

About half-way between Drang and this passLa Khdgha (Atghoki of map), some

CaAn
beds are «» «V«, chieflygrey-concretionary shales, calcareous,

caihonaosons shales,
contain some traces of vegeti^le remains and coaly

patchy all dipping 45° N. : tiiey reminded me of the plant^i^s of Dobaodi
* wert ti the. 3hntugardan in Afg^iinistdn, wfakb beds are either upper trias Qr lower,

rhtetic, but, in the ttimence of fossil evidence 1 did not leel justified in separatiiig

tteae Sflieikhfin valley shafos &om tbe jurassic (?) or neocomian seiiMi, which is ils.

viUeje *
.

I ^ .jEL.
Ilia fficcMSfon of the Iqweft beds ejqmiefi neat IlljEm

semaaee.eihfds.
gcems to be in descending Older

r

; Tv'
.

I, Pigtd.lltpeafoiM in ihi(^h!tdA whft fosiilei difofly firnrfifir/wdr

,
, V j.':' .'•> ,

.
, ,

, V z',,

.

3. mdiifitihiliaffiilt calcars itiiale% very eoncretiotniy.
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The section is followed above by limestone and shales, which are intercalated by»

and finally overlaid by, great thicknesses of sandstones of lower cretaceous type.

Section over the Jsiargkar range,—I he only section I have seen across thi$rapge

was obtained when .marching with General Sir William Lockhart’s force to Z6ra in

the Sturi Khdyl country. The visit was of too short a duration and the i^reather

too inclement during the march to enable me to say more about it than tjbat the

sequence of the strata which form this valley of Zdra is apparently the same as ob-

served in the more southern sections, at all events as regards the cretaceous rocks.

It is apparently a sequence of (i) limestones, (2) sandstone, and, again, (3) upper

cretaceous limestone, sitiilar to Ike section of the range north of Gwdda in the

Khanki valley, but whether or not along the southern skirts of the range some older

cretaceoua or Jurassic rocks appear is doubtful. This series of beds dips north-east

and north as far as I have observed, whilst I am quite unable to say how this

section continues northwards.

The Istarghar range continues eastwards into the Afridi hills north of Kohdt,

which, as will be seen, is probably entirely made up df cretaceous and perhaps Juras-

sic rocks, with a fringing belt of older tertiaries. Between this chain of hills and the

main range of the Safdd Kdh is a gap in our knowledge of the structure of this

mountaUi mass. North of the latter we know of the presence of palaeozoic rocks, ^ but

how the cretaceous, or at all events mesozoic, strata of the Urakzai and Afridi hills

are related to the palaeozoic rocks of the main range we can only conjecture. I

believe it will be found that the Kharw^dr and Shutargardan dislocation (see Chap*

ter I) is continued eastwards, and that it separates the mesozoic Urakzai ranges from

the Safdd Kdh.

Fragmentary as an account of the geology of the Urakzai hills must necessarily

.* be, which has been compiled from notes made during an
one usion.

expedition conducted in January and February, I may yet

claim that they clear up the following points in frontier geology :

—

1. The section of the Samdna range towards the south is a normal one; the

lower eocene (nummulitic) beds of the Miranzai valley folloyr conformably

on the upper cretaceous rocks of the Samdna range itself.

2. The ranges which skirt the Safdd Kdh along its southern slope are chiefly

made up of mesozoic beds, which range from the upper cretaceous to

Jurassic and perhaps rhaetic age.

3. These strata are compressed into several flexures, which have resulted in

one or two places in fold-faults along the strike of the beds and present

hill ranges.

4. Though differing in detail, the sequence of the formations represented'

within these folds corresponds in a remarkable degree with the sequence

of beds seen in the Sulaimin range, where the mesozoic strata are |n

descen^ng order as followa:~

Upper cretaeeons • • .3* Limestone (cprsl), passing upwards into the

nummulittc beds. <
*

Lower cretaceous • • • ' 2. Quartz-sandstone.

Jurassle fm aeocomian • • i. Shales^ sandstones, and marls, with ammOfUies,

iMviqg oat detftils, thin is also the sequence seen in the Samina range.

^ lour, Geol. Soc., tSjpt p. 45 i Maaual ot tlw Geology pi India, p. See.
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111,-r-The Geology of the Khaibar Hills.
%

The Khaibar hills form the mountain mass which divides the valleys of Jaldl^-

' bid and Peshiwar, bounded north by the Kdbul river

minaUon^ of and south by the main range of the Sifed Kdh. Structurally

Kdh system. considered, they are part of the northern skirting ranges of the

Safdd Kdh system and as such are but the eastern terminations of the ranges which

lie between the Safdd Kdh and the Siih Kdh, and probably include a great part of

the eastern spurs of the latter. The strike of th^ rocks composing tl^s minor system

averages from east to west, which is also the direction of the ptfacipal drainage,

more or less parallel to the Kibul river valley..

The principal drainage consists of the mountain streams which run into the

Kibul river, all of which flow in transverse valleys; whilst the

Khaibar and Bazir valley rivers run more or less in longi-
Drainage.

tudinal troughs.

The main axis of

Main axis.

the Safdd Kdh continues with an almost due west and east

direction into the Peshdwar valley a few miles south of the

34" Lat. and forms the high, partly snow-covered range

dividing the Bazdr valley from the Torbdla and Bdrd rivers.

South of this main axis run the southern skirting ranges^ of which the Urakzai

hills described in Chapter II form pari; whilst north of it the Khaibar ranges follow

in close succession till the Kdbul river valley is reached. •

Geologically, only the southern* portion of the Urakzai hills and the Khaibar

ranges are known ;
whilst the structure of the eastern part of the main axis of the

Safdd Kdh can only be guessed at. The only data we have
Fossils of Jamr

. upon are some fossils which are said to have been

found in boulders which were brought down by the Khaibar river near Jamrdd.

They have given rise to a great deal of discussion, were spoken of by Colonel

Godwin-Austen^ (as being lower silurian); but, on the other hand, other writers

believe these fossils to be of carboniferous age).’

They have most likely been derived from the high range which divides the

Khaibar valley (with Lundi Kdtal) from the Bazdr valley

:

main axiTpateozok.
rocks composing this range are continued es^t into tjbe

hills about Ali Masjfd, which I believe to be carboniferous.

They dip down into a synclinal, which, roughly speaking, coincides with the Bazdr

valley. Thus, the northern slope of the main range of the Safdd Kdh south of the

Khaib^ hills will most probably be found to bo formed by carboniferous, or at all

events of lower palaecxsoic strata.

A sectfon from south to north between the Safdd Kdh and the Kabul river

va]|ey (see figv3» demonstrates the existence of a'

ser^s q( reversed "Sexures into whicht the strata of the

Khaibay hills have b^n laid. The compression which the

j^jc^pn bas sullered h|8, ^ ^ consid^ble amount of local Ufushing and

fadting; Uie line of disjUu;]^ which nearly coincides ^i^ the l^hilm^

* Owt, Jour. Geol. Soc;, 11, p. 260 $ VII, pp. 38 to 46/
’ See ** Manual,^ p. 300.

*

Section hroRi north to

south.
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valley is also here accompanied by intrusions of igneous rocks of basic character,

vrhicb are strongly developed north of the Lohi Shilmdn valley and which appear in

the strike of the igneous rocks of the Jaldldbdd valley. This line of disturbance will,

I believe, be found to belong to the same system of faults to which I have alluded

in my chapter on the Sidh Kdh and the rocks east of it.

, . ^ ^ In the Khaibar hills area I found the following rock

gystems represented:-

(e) Complex of shales and earthy beds • •

(il) Limestone and alum shales series • •

(c) Metamorphic strata, with graphitic layers

ib) Phyllites and schists • . • •

(a) Gneissic series • •
'

• • •

Trias P

*

j
Carboniferous.

• ) Older palseo-

• S zoic.

The oldest rocks met with in the Khaibar hills occupy two wide belts, namely
the line of the Tor Sapper (north of Lundi Kdtal) and the

seWste***^
north of the Lohi Shilmdn valley

to the Kabul river. These belts are formed by two reversed

anticlinals, which are deeply eroded and thus have their older beds exposed.

A fold-fault has further brought these rocks in superposition over the palaeozoic

limestone near the Lohi Shilmdn valley.

The series is formbd by grey thick-bedded gneiss, which Is overlaid by mica
and talcose schists, with which grey phyllites are associated ; there is no sharp

boundary between tfxese schists and the gneissic series lower down, nor between

the former and the metamorphic strata above. A very good section is obtained*

through the whole group west of the Tor Sapper peaks ; the path which leads from
Lundi Kdtal past Ashdkhdyl into the Lohi Shilmin valley traverses in succession

the schistose series (3) and the metamorphic strata with graphitic layers (r) north of

the Tor Sapper; and there is certainly no well-defined boundary between the divi-

sions of the system of strata.

The Tor Sapper is formed by metamorphic shales, micaceous and talcose, with

Gr»hitic layers in
quartziticj beds Intercalated: numerous graphific layers are

Tor &pper beds; no found interstratified between the beds, and they have given
coahseams.

belief in the existence of coal measures within

the Khaibar hills, but it is scarcely needless to say that there is not a single coal-

seam to be found within the area.

The dip and strike vary a good deal, though the former averages north and north-

west. Immediately south of the Tor Sapper the section is interrupted by the recent

and sub^recent deposits of Lundi Kdtol, which consist of grits, clays, and sandstone

beds, and which horizontally and unconformably overlie the older rocks.

1^0 continue the section it Is necessaiy to examine the hills east and south-^ast

of the Tor Saj^per : I found that the area between the latter

of tlK TofSaSSr!!"*'^
Tartars hills is occupied by a reversed anticlinal,

* dipping due north-west. These two rangps. are formed
chiefly by the metamorphic series with graphific layers, flanked on both sides (north

slope of the Tor Sapper^ |totas peak and bills about Alt Masjfd) by dark limestones.

The oldest rocks of the section# namely the gneissic and schistose seirtmi, are in

’ a io fig. 3.
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Kam Shilmin.

Strong fbt’ce in Ibe north-easlern portion of the anticlinal^ \vhere they form the

greater mass of the Mohmand hilts of the eastern end of the Kdbul river gorge.

The north slope of the Tor Sapper, as already said, is formed by limestones

partially altered into marble near contact mth granites;,

^North slope of the Tor
limestone beds are conformable with the graphitic

schists below, and share with the latter hr all the minor folding

and disturbances. They dip below the recent deposits of the Lchi Shilmdn valley,

but re-appear north of Umarai again, on the left side of the valley. The line of the

Lohi Shilmdn valley marks the direction of a dislocation in the form of a fold fault,

or system of such. Hornblendic granite in veins near Sarobi and trap intrusions

along the northern (left) side of the valley obscure the section a good deal, but as

all the hills north of this line are formed by schists and a gneissic series, the beds of

which dip north-west, it seems that they must have been pushed pver the relatively

younger limestone division, which they now apparently overlie. This structure

might possibly be explained ,as a reversed synclinal, of which the limestone forms

the centre ; but there is no direct evidence to warrant this assumption ; whilst, on the

other hand, the great local disturbance and crushing near Umarai, and the appear-

ance of igneous intrusions along a line which is in the general strike of the Jaldldbdd

disturbance, speak for a continuance also in this area ^ of the fold-fault (?) on the

south flank of the Siih K6h fsee fig. 3, pi. i). •

The area immediately east of the Tor Sapper has unclergone a good deal of

minor disturbance, folding and crushing, but, nevertheless, it

is not difficult to understand the section when looked upon

as part of the reversed anticlinal of the Tor Sapper.

The valley of Kam Shilm^n, north-east of Lundi K6tal, runs at first almost due

north-east, more or less in the direction of the strike of the strata, then turns nearly

east and joins the Kabul river valley. From 'south to north it forms a normally

ascending section, it being the northern half of the anticlinal. The rock which

forms the low Kdtal, which leads from the Kam Shilmdn valley into the Lundi

Kdtal basin; is formed of metamorphic schists, among which a micaceous slate and

talcose phyllites are most prominent. They are traversed across the bedding

by white quartz veins, and numerous lenticular masses of quartz are intercalated,

between the schists. It was thought that they might prove auriferous, and I was

deputed to examine this locality, but I have not discovered.
' a single trace of gold in either schists or quartz veins.

Further to north-west, along the south-eastern slopes of the Tor Sapper, the me-

tamorphic graphitic series (r) overlies the schists conformably; and in fact the

latter gradually pass into the former. They strike more or less along the left side of

the valley to near where the road to Shabidmaina branches of! to the east, where thejr

are overlaid by the dark limestone (</, carboniferous ?). The graphitic series fprma

a regular seqoence of semi*inetamor|d>ic schists, which are closelj^ connected; with.the

schists below, bat wUch, near the middle of the section,, may be desenbe4 si

great Uiiekness of calcareous phyllites, with occasional micaceous slates lUteNdated*

Lavender^oioared day shales with beds of bituminous alum shales form setwal dia-

tin<^ Jiorh^s, which contain numerous layers of graf^ite and graphitic shales.

Some springs below Sheikh village (on the eight ;gde of the valley

ttickle .out along a joint in this, division (r), and the section is there made up of



Supposed
springs.

petroleum
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calcareous shales, alternating with soft clay-shales and occasional panings of fe^gin-
ous concretionary layers : with it occur considerable thicknesses of dark, bituttiin-

ous alum shales with graphitic layers and ferruginous partings. Ttie atum shales
contain strings and crystals of iron-pyrites which decompose, and then slightly

raise the temperature of the trickling springs which rise along joint planes of this

formation. The ferruginous film which forms on the surface

of the stagnant pools of the springs have given rise to the
reports of the existence of petroleum springs in Kam Shilmdn.

There is of course not a trace of petroleum or cf any other hydro-carbons found
in this section.

Higher up in the section (well seen on the hill slope on the right side of the

valley) somethin beds of dark limestone occur intercalated within the shales; and
the limestone beds increasing in number, gradually replace the shales entirely, till

the section becomes a sequence of dark, hard, and splintery limestone beds, tra-

versed by caicspar veins and easily recognised as the •limestone ((/) of the north

slope of the Tor Sapper and of the Tartara peak further to the south.

This same limestone is in great force near where the Shahidmaina road branches

off acrnss the mountain range, but immediately north of this point this division is

suddenly brought into contact with the mica schist and gneissic series, which are

pushed over disturbed beds of the limestone and on the left side of the valley over

the graphitic schists which underlie the limestone {d). The dip of the graphitic

series (c) near the so-called petroleum springs of Kam Shilmdn is from 40® to 50®

N. W., and the super-imposed limestone continues with almost the same dip till the «

whole is brought in faulted contact with the gneissic beds of the Kdbul river gorge.

I may here add that the thin-bedded limestone at the base of the limestone divi-

sion (d) in the Kam Silmdn valley contains garnets which are also found in the

shaly partings between the limestone beds.

The section from the Tor Sapper to south-east traverses the strata almost at

right angles to their strike, and may be rendered diagram-
**** ^

matically as shown in fig. 3. The south-east scarp of the Tor
Sapper is formed by the highly altered graphitic series {c)

which there shows a thickness of about 3,000' to 4,000' at the most
; these, as I have

already ^owu, rest conformably on a great thickness of grey phyliites. When I say

phyillt^; I tneau that the most prominent of the strata composing this division is made
up of pbyU^s with intercalated talcose schists (garuetiferbus) and crystalline lime-

stoub bette. But these beds pass gradually into micaceous schists of unknown
thiekhm, Vbicb again (limestone and shale beds ate even seen as low down) pass

ihto the ^nei^ic series of the Mohmand hills. The mountainous tract south of the

Tartara and which includes some high peaks (Tartara 6,775', Rotas 5,4607,
mihOt fotmsthe southern shoulder of the reversed antitiinal^ of this hill tract is agaii^ formed by the

joiiMed^ faultedv and ^tU many

the ' high: Air

'''

'

ptevafl^ mdk of tUs-.

-tek giey liineitoiO!^ia|«^

iBbeie are
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partings Of•calcareous shales and Splintery alum shales, but the general characteristics

are those of a limei^tone formation. It would be hazardous to compare this lime-

stone formation with any other similar formation far distant, but I was struck with

the great lithological resemblance between it and the carboniferous limestone both

of the Himalayas and the Hindu Kush : certain it is that palaeozoic strata occur,

probably carboniferous, within these hill-ranges
;
and the inference is that this lime-

stone formatioh may be the original source of the fossils found near Jamrdd.

Minor folds, always with the same reversed character shown in the structure of

this mountain mass, may be seen well exposed near Ali Masjfd, where in an anticli-

nal, leaning over to the south-east, the graphitic schists {c) are found inclosed in the

dark limestone {d). The section is very instructive indeed, and explains the struc-

ture of the Rotas hill east of Ali Masjid perfectly.

The limestone {d) of the southern shoulder of this anticlinal dips (in reversed

Shales
Order) below a series of shales (tf), which are in great force

from* i| mile south-east of Ali Masjfd to the eastern mouth
of the Khaibar (3 miles west of Jamrud).

This series of strata consists chiefly of earthy alum shales and sandstones with

subordinate limestone beds and some strata which are principally made up of trap-

pean material. The prevailing colour is brownish green with dark bands, and the

rapid disintegration of the shaly portion favours the formation* of low undulating hills,

which strongly contrast with the precipitous limestone cliffs •which form the ranges

around.
* This shaly formation (f) cannot but be younger than the limestone (d) : the

latter is, as shown above, probably of carboniferous age, and structurally represents

the crinoid limestone of the Sidh K6h, and it therefore follows that the shales {e)

overlying this limestone must be either upper carboniferous or even younger, and
may possibly be found to be of triassic age.

The division (f) is probably developed in great thickness in the Khaibar ; it is

evidently much disturbed, and*an estimate of the extent of the formation could not

be made in the section exposed near the eastern part of the pass. But I think it is

quite clear that these shales are inclosed in a great synclinal of limestone, probably

of carboniferous age, which synclinal will be found to coincide more or less with

the strike of the Bazdr Valfey.

IV.^Section between the Peskdwar Valley and the Ungo Pass; the

Petroleum springs of PannSba.

In the previous pages I have shown that the Safdd Kdh mountains are skirted

along their southern slope by a series of rangCs of lesser elevation which pursue

a course mote or less parallel to the main axis of the system. latter comee

a termination south of Jatnrdd and some ten miles ivest of Peshdtmn Tfae soulhM
ranges I beKeve to be separated from the main ranges by a long line of faddi Of
them I only know the south-western extremity ending In Afghanistan part of

the Urakzai hi]|s (See Chapter II), Jbut the latter continue eastwairds add forha the

bare hills of ouir Kohdt fibntieir, the AJridi hills east of it ; and they peas, still a
welUdefihed east norih-ea^t Into Biifbh terdtoty, where tve^^know them as the

hills, mhy He bbh^ered to end ai Attock bn thelndtis:

ca
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These hilts also are formed, not by one chain atone, but by a series of xangea

more or less parallel to each other. The parallelism is continued into the lower

ranges which skirt the former along their southern slope, in the same manner as

the Miranzai hills run more or less parallel with the higher Samina and ranges

further north.

A section across this series of ranges is described by Professor W. Waagen in

Palaeontologia Indies, Vol. IV, pt i,p. 14(1., and partly by Wynne, "Records/' VoU
X, p. 128, and Vol. XII, p 102. The section which 1 examined enrouU from Pe-

sh^war tO the Panndba oil-springs led' me over the Cherdt and Mir Kaldn passes;

and south-east of the latter, over the Kildbgash Kdtal, which crosses the series of

lower ranges skirting the Cherdt and Afridi hills along their southern slope.

This belt of parallel ranges is made up of highly contorted beds, (he lowest of

which are certainly not younger than mesozoic, and which go up into upper

tertiaries. Part of the belt is made up of the so-called " Attock " slates of supposed

palaeozoic age. 1 have only seen types of the latter west of Cherdt, but at all events

as regards these I am exceedingly sceptical, and would include them rather

amongst the tertiary strata, as will be explained hereafter.

I have shown that the Urakzai hills (see Chapter II) are skirted along their

Contact between the
soTithern slopes by tertiary beds (Eocene) which rest con-

tertiary system and the " formably on the upper cretaceous strata of the Samdna range ;

cretaceous beds.
at all events the contact is quite normal, as may

be seen at Hangu and Darband on the Miranzai frontier. Further east occur num-

mulitic beds, Imt I am not quite inclined to endorse Mr. Wynne's observation;

which would prove (Rec. Xll p. xoo ff.) that the line of juncture between the older

Fimestones which chiefly form the "Afridi" hills and the nummulitic beds is a dis-

cordant one. There is a good deal of local disturbance certainly, and minor faults

must be numerous, but on several important sections I have found the junction per-

fectly normal, smd the nummulitic beds reposing conformably on the cretaceous

limestone below. Such is the case along the Samdna range frontier and Kohdt itself

;

whilst north of the Nildbgash the cretaceous limestone dips certainly quite conform,

ably below the nummulitic beds.

It is possible that there is some disturbance in the neighbourhood of the Ubidn

pass, which I have not visited. But viewed from a distance of about a mile, it appears

as if the limestone strata of this pass and the nummulitic bed^ south of it (in British

territory) were dipping in quite opposite directions. This disturbance is possibly

continued some few miles eastwards, for between Kohdt and
Kohat pass.

entrance to the Kohdt pass there is evidence of much
.disturbande ih^the nammulitic beds which are in situ there. Near Fort Garnett

. north of kobit, these beds are seen to dip south (60^) away from t|ie pass limestone,

whiht they jiip against the latter. Bot there is no direct

\ in such a highly disturbed area.

; Tlw are aconUnuation east-

friable, {pterstisuffltrf

laitd W greyJime-

tuplniioA. mttebiof dte earthy shales whieha^ inptu ih tte
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Sheikhin^valley (see Chapter II), which may be of jarassic age* The limestone of

KohSt pass is probably cretaceous, or at any rate mesozoic.

The structure of the section is extremely disturbed
;
the hill side which forms the

Eastern side to the pass shows this plainly. The limestone beds of this cliff are

so much twisted that it would be impossible to map individual divisions forming

the section. The crest of the range is made np of nearly vertical strata, whilst a

little way lower down they dip south. A similarly contorted section is seen in

Cherit, twenty miles north-east. In marching through the pass one traverses severa

anticlinal folds almost entirely made tip of hard dark, grey limestone beds which I

believe belong to the cretaceous system, and are in fact the limestones which I met

in such great force in the Urakzai hills.

A efoser inspection of the structure of these ranges is not possible in the

Koh&t pass, which, though open to travellers, traverses country belonging to

independent Afridi clans. Much more favourable is the

across the Cherit and Mir Kaldn (not Mir Knlan)

The Cberit section*

Both Wynne, and more recently Professor Waagen, have given descriptions of the

section over this range. The section may be divided into two parts: first, the

northern one, which traverses the eastern continuation of the Afridi hills near Cher^
between Jalozii in the Peshdwar valley to Nizimpdr, into a»wide trough filled with

recent tertiaries which divides the main Afridi hills frqm the southern skirting

ranges (see above), of which the N.ildbgash is the highest poiht.

Then, secondly, the section over the latter ranges, vid the Nfldbgash and

Ungo passesi, into the low country of Churldki and Kushalgarh formed by tertiary

beds.

The PeshSwar valley is filled by wide spreading recent and sub-recent deposits,

which may be seen in section in the deeply eroded river

courses which drain from the Afridi and Cher^t range

northwards. Marching due,south from Jalozai (about sixteen miles south-east of

Peshdwar)*, I ascended the gentle stope of a fan which spreads from the foot of

the hills into the Peshdwar plain. About half a mile north-west of Dig the road,

enters a belt of low hills, composed of much crushed strata with a north-east to

south-west strike and a dip which varies a good deal, with a general tendency toward

the north-west however. The belt formed by these strata is about two to three

miles wide. The prevailing character of this belt is that of a sequence of shaly

beds, with both sandstone and limestone intercalated with the former. My
traverse' was too rapid to have enabled me to construct an accurate section, but,

as far as I could judge, I passed from Jalozii to the bungalow of Mfr iCaUn^ over

a normally descending section, which in outline is as follows

($) Near D%, gnj andgieeniafa giejr poarlyslnles.biealcing into small spUnt^
fragments; fr ate beds fetniginons sandstoim md concretioimtf

'*

‘nuvty beds. Sandstone {tasting into shales and sidKMrdiiiate. bhds cS

grey limestone are frequem, the whttie aeries dipping northrinwt imditt a
> eetjr,va]:3dngMigl^ whicii» Imvever, is mosdy hig^.

il^g, 4, a; ti«*Fli}; lad., tV, .t3>
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Upper eocene.

Murree beds.

{h) About one mile east of Ddg (.found nummuUie^ in a thick bed of grey earthy

limestone which conformably underlies the shale

series, which I also believe to belong to the

Eocene system. This limestone bed, associated with some sbaly layers,

rests conformably on a sequence of considerable thickness chiefly made
up of reddish sandstone, red shales, and grit

beds, with white and grey limestone intercalated.

Some of the reddish beds are already seen in the hills two miles east of

Ddg, but they are still sul^rdinate to the light coloured shales and

sandstones of the upper nummulitic division.

ig) About a mile north of Supri (or Chapri) the road enters the belt of the red

grits and limestone beds of very distinct Murree bed character. They

are a sequence of red clays, grits, and light-coloured limestone, the

latter containing nummulites.

(/) The ridge which forms the watershed at Chera{ 1s formed of the latter hard

grey limestones which occupy the lower portions
ower eocene.

division. They are highly contorted beds,

sometimes raised vertically, bent into narrow folds, but with an average

inclination towards the north-west. The rock has yielded no distin-

guishable fpssils, although full of organic remains, which are visible on

the weathered surfaces. Small bivalves {pstrea) seem very common,

corals £Lndforamimfera, but not one form which could have been deter-

mined. The series is, however, easily recognised as the nummulitic

division of the tertiary system.

These lower eocene limestones are seen in the station of Cherdt itself,

and they form the rugged cliffs east of it, but it is possible that :

—

(e) The limestone which forms the highest point of Cherdt (4>542'), and which

dips very steep below this lower eocene, may
Upper cretaceous.

already belong m the older (cretaceous?) lime-

stone, which is seen further south-east. *
•

The road leading from Cherdt to Mir Kaldn village passes for about

two and a half miles due east, almost entirely along the boundary between

the lower nummulitic limestone (with red bed$) and the grey limestone

of Cherdt. The latter is seen to underlie (dipping 70° N. W.) the

low^r eocene division close to the ddkh bungalow of Mfr Kaldn, rather

more than a mile north of the village of that name.

Below this limestone the road passes over a great deal of limestone

breccia* but where the rock in situ is observable, the bedding is clearly

with north-westerly dip. The limestone has yielded no fossils, but

differs from the nummulitic beds, and I believe may safely be classed

aa cret|iceQU8, which form$*the greater mass of the range further west.

The section below thk limestone is curious.

(i) Overlaid conformably by the limes|oae («), I found much pHcated beds of

limestone and calcareous shales, which again rest on

(p) Hard lighboomured quartz-sandstone in thick beds, which contain nu-

merjas decomposed crystals of garnets, and may
be c^led at places a garnetiferous quartzite.

tmmt erstamess K
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(A) Ulie quartzite rests conformably on grey calcareous shales which, in cliffs,

« .
have a very characteristic banded appearance,

Jurassic
lithologically, reminded me strongly of the

indurated shales of the lower Simla series. As in the latter, some horizons

of dark calcareous shales are intercalated, which are strongly carbona-

•ti shales f
ceous with ferruginous layers, which decompos-

ing yellow give the whole a brownish tint. The
same shales are noticeable in Che^^t in the western continuation of the

Strike. They dip 50° N. . .
*

(a) Lower down the road these shales are seen to overlie grey foraminiferous

limestones with partings of highly altered micaceous shales. The lime-

stone is in thick beds, and on its weathered surfaces organic remains

may be seen in section, and are pretty numerous, though limited to

^ certain layers. The fossils seen are sections of corals^foraminifera

small bivalves {osirea /^),but I could not get anything out in sufficiently

good condition for determination, as the limestone is highly indurated.

Lower down this section, near the village of Mfr Kaldn, the beds are

covered up unconformably by the recent fan deposits and sandstones of

the upper tertiary series, which is in great force in this valley.

But though the section is entirely descending as far as Mf? Kaldn,—an unbroken

sequence,—yet I think it is highly probable that the range

an^lhia?
Ddg to Mfr Kalin forms in reality only the northern

.
* half of an anticlinal fold: looking westwards one may

observe what appears , to be the red nummulitic series (Murree beds) with limestone

lower down, all dipping south and seemingly forming an arch, of which Mfr Kalin

may possibly form the centre.

However this may be, it is certain that the Mfr Kalin beds are older than

eocene : without determinable fossils it is impossible to say
Mfr Kalin beds older how far the sectipn may descend, but 1 think until further

evidence is forthcoming 1 may be allowed to correlate the

limestone underlying the Murree division of the nummulitics as upper cretaceous

;

whiist the quartz-«audstpne and shales, pould conveniently be compared with the

quiartZ'^san^one and lim^^fone of the lower cretaceous division of the Samina range,

which Hrauld make the iossiliferous limestone with micaceous shales, probably

contemposaneotts witih the Jurassic {?) beds of the Khanki valley near Gw^da

(Sf^ Cha^OTsIl).

Some of the beds of this4ivinion, daurk shales wjth ferruginous.partings a^d

carbonaceoiie hQrizPsiS* recall in some measure also the Spiti, shales, .though

difieringjfrom the latter. I baye met with shales of similar charaipter at the .base pi

the TaWiW^Suliiinin underlying the neocppiian ip Turkist^n/

wbexe they yielded some jnmsslc fpssils^
*

dt.is aaifi* Attook #tes,form of;the Cher^t bills ftnd are Ip^t ip tjie

, ,

Pephi^war plgun near Jalpz4i : from,% above so<;tioii it will
Attock slates. ^ pbiatiione of the^diyi8ipns a^ seen between Jal(w:4i

> Maeual, p. "•jPaliind. IV, P- H* Seeseetion, p, ig.
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and Mfr Kalin can justly be looked upon as anything so old as the Ajttock slates

are supposed to be.
'

Neither could I discover anywhere in this section such an important dislocation

as is assumed by Dr. Waagen (Pal. Ind., IV, p. 24 and section, p. 13). The hill*

aides are practically quite bare of all vegetation which might interfere with a goo4,

geological view of their structure, and the strata, though contorted and locally

much crushed, form an unbroken sequence.

If the greenish grey sandstones and shales of Dig would turn out palaeozoic

beyond doubt, then the only probable explanation of their position would be that

they have been pushed over the nummulitic beds by a gigantic dip-fold, which has

preserved the appearance of perfect conformity between the Dig shales and the

nummulitic beds below. As ft is, I failed to observe any trace of a fault in this

particular section, such as Dr. Waagen indicates in his section, p. 13 and on p. 24

and as I have no other evidence as to the age of the shales, 1 must for the present

look upon them as tertiaiy. *

Further, 1 believe that, if there are any members of the palseozofc group in the

eastern continuation of the Safdd K6h system, they certainly do not form part of

the Cherit and Mir Kalin section.

Between the range, of which the Cherit pass forms part, and the lower skirting

M-uK u •

* ranges which may be crossed by the Nilibgash Kdtal,
The 1 gas section.

^ intervenes the valley of the Ucha Khora stream and its

drainage, which joins the Indus south-east of Nizimpdr
;
which valley is filled with

recent and post-tertiary deposits, sandstones, loam, and detritus from the present

hill ranges in the form of enormous fans. Within the lower part of the valley there

is no indication of any dislocation between the two hill ranges which enclose the

valley : Dr. Waagen believes that such exists (see p. 24), and this is quite possible,

but at the same time it would be necessary to examine the valley higher up (nearer

the JaUla) before a de<:ided opinion can be pronounced. The season was already

too far advanced to continue my survey this spring,* and 1 hoped that I might follow

up my observations this cold weather, but, having had to take up work in Burma

instead, I venture to publish these notes, imperfect though they must necessarily be.

The section' between this valley of the Ucha Khora and Churliki (south of

Panndba) passes mostly over rocks of the tertiary system, although mesozoic beds

are not absent hi the northern portion of it. Here, again, gaps occur in the section

between Sandbu (Sundully in Dr. Waagen’s work) and the Ungo pass nprth of

ChurldU, gaps formed by more or less level tracts, covered by recent deposits

out of which protrude highly contorted beds of the upper eocene division of the •

leitiary system. It would have been impossible to unravel the geological structure

of this area on the line of mardi between Sandhti and the Ungo^pass with so many

gaps'formed b7 mcent deporits, hu% fortunately Dr. Waagen followed the section

exposed by the Indus river from Shadipdr, and I am glad to avail myself of his

explanation of the structure dl these beds} but at the same time i believe that a

much clearer section will be found furtimr westwards, namely from the village of

Panndba due nordi^weit, which section would be entirely within bare tulls closely

bniited together, and which section I hope to study before very long.

* 8Mlc.S>,La.
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My observations in the section from Nizdmpiir to Sandlai differ slightly from

that given on p. 13 of the Palaeontologia Indica.

Near the d^kh bangalow at Niz^mpdr, I found horizontally-bedded coarse sand-

stone with sandy shales and beds of sand, which formations

part of the older Indus deposits I believe. Springs of

slightly warm and brackish water rise north of the dikh
bungalow, And eroding the soft sandstones and shales have formed a tortuous gorge

with numerous pot-holes. Over part of these sub-recent deposits of the valley

stretch now enormous fahs of hill- detritus, through which deep ravines have been

cut by rain-torrents,

The road from Nizampdr ascends one of these fans in a south-westerly direction,

about two and a half miles south-west of the ddkh bungalow
imestone

;
jurassic

Crosses a small ridge (near police tower), and I found

this ridge to be formed by hard grey concretionary limestone, dipping south-east. But

the bedding is much disturbed, which disturbance may be a local one only
; at all

events 1 found the limestone beds jointed in all directions, and here and there they

have been converted into a kind of breccia, as is so often the case in limestone areas.

The surface water percolating through the joints gradually dissolves the limestone,

and undermining the beds, the latter sink in, and the interstices between the widened

joints get eventually filled in by calcareous sinter till the rock presents locally the

appearance of a limestone breccia.

Immediately south of this police post I observed the limestone beds dipping

• Fossils
almost due south. The limestone is a light grey very

*
* hard variety, thick-bedded, containing strings of chert nodules

and showing on weathered surfaces numerous brachiopods^ which are extremely diffi-

cult to separate from the rock. South of the police post the road descends into a

small valley, into which this limestone dips. About a quarter of a mile south of

the post, the limestone is overlaid by thick beds of a hard
Quartz-san stone.

whitish grey quartzite or rather quartz-sandstone. This is

the prevailing rock of this division, but the limestone passes gradually into the

quartz-sandstone through thin beds of siliceous limestone, which are associated

with earthy brownish yellow shales with which they alternate. Then follow thick

beds of quartz-sandstone twhich becomes a series of flaggy strata of this rock, in

beds of i*' to 4 or The section is tremendously contorted, but very clearly

exposed by the deep cutting of the road, and this part of the diagrammatic section

(fig. 5) is taken from an actual profile. The quartz-sandstone in the lower calcare-

ous beds contains numerous fossils which seem to be accumulated in a few layers

only ; they are all brachiopods, amongst which a smooth
‘ terebraiula is the commonest forpi.

Farther sputK^ about a mile from the police post, the road ascends the hill*

range aguin, and diem the quartz sandstone Is again overlaid conformably by Ifme*

stone beds. .The buddiiig is much distushed, and there are several crush^

and much of j&nting is observable. The road crosses the strike, winch is

east and west.^

Near Ingri village, some ctf the sub-recent sandstone with grits is in situ in horitbn*

tal beds, identical no doubt ^{th the formation near Nizdmpdr ; but as tihey occupy

the base of the valley only, they do nOt obscure'^ the section in any My.
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The structure of the hills is exceedingly instructive at .this point of the section

J
•

flexure.
hillside east of Ingri exhibits a .natural profile of are-

versed flexure leaning over to the south, followed by a low

anticlinal, which in the valley ci the Ingri stream rapidly dips south and conform-

ably below the beds which are in situ on the right side of the valley. These folds

of Ingri are made op of rnassive, dark grey limestones with traces of btaMopods, and

belong to the limestone which pverlies the quartz-sandstone a little over a mile north

of this point.

The beds on the right side of the Ingri stream are nummulitic, and I may
therefore consider the section just traversed as older and most probably of creta-

ceous age. It is not impossible that part of the limestone below the quartz-sand-

stone belongs to the upper Jurassic system : it is very similar in lithological charac-^

ter and stratigraphical position to the brachiopod limestone near Gwdda (see Chapter

II). The overlying quartz-sandstone is certainly of lower cretaceous age, and is our

old acquaintance the Samdna range quartz-sandstonq
;
whilst the upper lime-stone

is possibly upper cretaceous, and probably of the same horizon as the lime-stone

with hippurites of the south slope of the Samana range.

The series of beds which overlie the upper cretaceous limestone of Ingri consist

chiefly of grey limestones with earthy yellowish grey lime-

stone beds and calcareous marly shales ; some reddish beds

near the base are seen to be interstratified* The limestone

is highly fossiliferous, knd seems filled with minute organisms, chiefly shell fragments,

and foraminifera with some few distinct nummulites*

This is the nummulitic limestone of the Nildbgash, which, roughly speaking,

forms a belt some two miles wide. The beds are somewhat disturbed, and there are

several folds of the limestone ;
the Nilibgash itself certainly forming a synclinal

which has been correctly rendered in Waagen’s section. The descent from the pass

to Sandlai (Sandully) is steep, the nummulitic limestone division forming a steep

scarp towards the south in some parts. At the same time, the junction between this

division and the next following (Murree beds) is not clearly a faulted one. In a

highly folded area, local faults must always be found, where rocks of quite differing

lithological character are squeezed into folds. The limestone of the NiWbgash is

jnnc}i contorted north-west of the village of Sandlai, and^ north of it, dips apparently

conformably below the red Murree beds south of it
;
whereas in the narrpw valley

west of Sandlai (near the Ziirat Fateh Gdl Bdbd), the nummulitic beds which form

toe smirp on the left side of the valley dip north-west, whilst the deep red Murree

hed3i which.are in eilu on the right side of the ravine, are much contorted, but with

a general towajr4s the south*
'

It may signify a dislocation on a much grander scale than is visible at Sandim,

but m fnr 1 only see evidence of such local disturbance is generally inseparal^Iji

fmn a rigid hmestone beds and more friable grits and sandstO|tp'^

within a faijgb^y.comprt^ssed and folded a?ea. ^

The section between the Pallosi^ pass and Sandlai is certainly* an ascending

one; though a good deal contorted, it is plainly a normal sequence of mesoai^c

bedSf overlaid, by tjbe nummulitic strata of the NiUbgash. I am unable

* The iia^e Paflosi pass 4ees uot eccar^oa the ^ iaek<» i lulle maps of the iMstrict.
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Section from Sandlal
to the Ungo pass.

to accept therefore the reodering of thia part of the section as shown in Palaeontologia

Indica, IV,p.*i3.
,

From 3andl^i the road leads to Churldki in an almost due south direction, and
traverses on the way a country which in South|]Africa would

be termed a flat f mostly level stretches of country cut

about by ravines, only a few of which have running water,

and out of which more or less level expanse rise a series of parallel ridges, mostly

isolated or connected with the higher ground west of it by slightly rising ground.

The country is very bare, and the covering of sub-recent deirital deposits very

thin, and therefore there is more of the geological structure of the area exposed

than would be the case in more fertile plains. Nevertheless, the rocks which

form the section between the southern foot of the Nilabgash Kdtal (near Sandlai)

and the Ungo (pass, are evidently so much contorted and crushed that it would

be very hazardous either to form an estimate of the thickness of these beds or of

the details of the many folds which foim this belt. A better section will probably

be found further westwards, where the anticlinals have not been abraded quite to

the level of these “fiats.” I have not been able to do so yet, but Dr. Waagen,

who has studied the sequence of the rocks which lie south of Sandlai, divides

them into the Murree, the purple, and the grey sandstone series, respectively

representing the Upper Subdthd, Ddgshii, and Kasduli divisions of the tertiary

system. There are several folds of these locks seen along the route, and, as

far as may be observed, in the few good exposures one corned across, these folds

are often highly compressed, reversed; and have a tendency to a southerly dip.

About three miles south of Lakhotalao the road enters again a belt of hilly country

entirely made up of eocene beds.

The Ungo pass (this name does not appear on the map) crosses this belt of low

ranges at a right angle to their strike, and thus exposes a
ngopass.

good section of them. The beds which form the most

northern of the ridges of this belt are coarse sandstones and grits of reddish purple

colour with thii^ beds of concretibnary shales dividing the sandstone beds. The
latter dip 45° N., forming long narrow ridges. I believe these beds are part of the

middle eopene division, the so-called purple series (Waagen). They rest con-

formably on a considerable thickness of the red (Murree) series of the eocene

:

red sandstone, limestone (earthy), and sandstone with shales follow in succession,

all conformable to each other, and dipping steadily to north. I have found no

fossils in this unpromising series of beds, but as to their identity with the Murree

series there can be no manner of ddubt. Mr. Wynne has described this particular

section (Records, XII, p. 102).

The especial object in making this traverse was to reach the valley of Fhnndba,

« about two miles west of the Ungo pass, where petroleum

*P**"** ^ was known to ooze out in small quantities, and zegarding

l^hich fresh evidence was required. This pVroIeum occur<*

rence has been'known to exist, and, in fact, has already been reported on by Mr*

Renjamin Smith Lyman, in General Repoit on the Punjab Oil liinds, Lahore,

i$7o;” on page 34 ft* occurs his “Report on the Panndba Oil Lands.**

I had this report with me when examining the Panndba valley and the surround*

ing country last field season; and as the hillsides are nearly absolutely bare of ve-

getation, there is no difiSicuIty at all in unravelling their geological structure, and I can,
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after a careful examination, say that Mr. Lyman's geology is absolutely wrong
; nor is

the topographical map attached to his report any more accurate. To criticise his

geological section in detail would be unnecessary. It will suffice to point out that

:

first, there are none of the anticlinals shown in the deep gorge of the Panndba
stream, which he draws in his section. The sequence on the south-east side of the

fault is a steadily descending one till the beds are covered up by the fans which
spread into the Churldki plain beyond. Secondly, there is not a trace of an •• oil-line

"

shown by any indication whatsoever. The oil oozes out from one of the innu-

merable joints adjoining the fault/ and the so-called oil-bed is unknown; neither do
the folds exist as drawn in his section, which is pure invention.

The rocks in situ at Panndba and the neighbouring

valleys ^ all belong to the tertiary system.

The youngest rocks which are seen are the Murree beds and immediately over-

lying sandstones ; they proved unfossiliferous, but they are easy of recognition, and
have already been described by both Wynne and Waagen. They occur on both

sides of the hill-ranges within which the villages of Panndba and Trakhob^i are

situated ; they are faulted against the older eocene beds along the south-eastern

flank of the range whilst they rest conformably and in perfectly normal order on
the nummulitic limestone along the north-western slope of the chain of hills of

which the Narai Sr is a conspicuous point.

The lower eocene division is well represented, and the

complete section would thus be in descending order :

—

Panndba tertiaries.

M / gf Sandstones and grits with subordinate limestone Upper

d \ beds
;
prevailing colour of sandstones red.

S
^ f4. Limestone beds of the Narai Sir range

;
con-‘

j tains nummulites.

i fg. Purplish red sandstone and shales of the Narai^

^ Sir range ;
thickness from 6oot to 700'. ( Middle. \ Eocene,

fji Limestone with reddish patches, earthy ; con

tains nummulites ; about 50C^ in thickness.

f|. Dark crumbling shales with limestone partings

thickness about 400^

f. Hard dark limestone with nummuliUs ; thick-

ness about i,2oo'.
* .

BoUi in the Panndba and the Trakhobai valley this sequence may be observed. The

nucleus as it were of the section is formed by the hard grey
** ***' limestone (f) which is in greatly disturbed posi-

don, dipping under a high angle (horn 6o** to So*^ to nort}i

below the shales (P). A. double ridge of this limestone runs between Panndba and

TESkhebai, showing a steep dip^lope along its whole northern side. This lime-

stone ridge is greatly jointed, and shows at least two long lines ot fonlt,—the northern

one, whhdi ia <tnished much, producing no great throw either side, whoeas the

southern one forms the bonndi^ between the nummulitic lime^ne and the red

(Murree) ssyndatone beds (g). The rest df the section is simple; it is a normally

aaoending one to t)ur north, borii at Fanndba and all the intervening points. The

bald Umesiaiie 1^) is overlaid by dark, crumbling shales (Ii), which have not yielded

tlWMiataU.

Lower.

* gM tigs, d and 7, pi. a
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About a quarter of a mile west of Panndba village, some lenticular deposits of these

shales are interstratified between massive beds of the nummulitic limestone (f).

The latter is raised up vertically, but the dip gradually lessens westwards to 65^
varying considerably at short distances. The shales, being easily disintegrated,

have been denuded away along the strike of the bede; hence the longitudinal valleys

of Panndba and Trakhobai, which are separated by a low saddle about halfway

between the two villages. The shales rest, as said, conformably on the limestone

(f)
; they vary considerably in lithological character from greenish grey clay shales

in which indistinct fucoid markings are discernible to very dark alum shales. Fer-

ruginous and calcareous partings are common throughout the thickness and near

the “ saddle ” which connects the two valleys. 1 noticed partings and vein infiltrations

of gypsum in the shales ff i), which are weathering of a rusty brownish yellow. The
limestone (f) forms a crushed fold in the Trakhobai valley, the dip turning round
from north-west to south-west. Round this termination of the crushed fold, the

shales (fj) are placed conformrjbly to the former
;
and in a loop of the ridge of the

Narai Sir, which corresponds to the fold of the limestone, the ascending section

from the shales (fj to the Murree beds (g) may be seen very plainly. The top of

the Narai Sir ridge is formed of the upper eocene limestone (f^) which also contains

nummuliies in every bed, and this division is conformably overlaid by the densely

red beds of the Murree series (g) which follows north-west and which I crossed in

the low spurs south of Lakhotalao. ,

Panndba village itself is standing on the shales (f^) which contain a good deal of

gypsum in leaflets. The shales have some partings of flaggy limestone, breaking

with conchoidal fracture
; they are overlaid by hard grey limestone (fj) which contains

many minute organic remains, mostly foraminifera, and distinct nummuliies. North

of Panndba the sandstone beds (f3), which are best seen in Narai Sir section, are

replaced by brown and olive-coloured shales with thin bedded marls and a few sand-

stone beds. This division is followed by the upper nummulitic limestone (f4) of

the Narai Sir range.

The dip is veiy rolling. The beds which form the Narai Sir range dip pretty

steadily 40® to 45° N. W, and N, On the other hand, the shales (fj) are

greatly crushed, and the limestone ridge between Panndba and Trakhobai is formed

(see figs. 6 and 7) by crushed limestone beds. Near the south-western portion

(fig. 7} the limestone (f) dips below the shales under an angle varying from 60® to

80,® whilst at Panndba itself this bed is nearly vertical
;
and about 200 yards below

the village, the dip has turned to south-east about 74®, but this varies great deal

* more nearer the fault, which may be traced along the entire southern slope of the

well marked double ridge between Panndba and Trakhobai.

The limestone j[f) is a hard nummulitic rock, with masses of earthy bituminous

limestone, both full of organic remains, chipfly small bivalves {ostrca)^ but also

great quantities of whamulites and small corals and organic deffitus impossible to

determine* The colour is generally a dirty yellowish brown, with harder grey beds

of limestone.

About half a mile below Panndba village the limestone shows evidences of great

p
crushing

; and at least two clear faults may be seen, no doubt
e ro eum.

continuations of the Trakhobai dislocation. There, in joints

close to file northern line of fault some oil coses out in thick drops which collect on
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th6 dttrfbce of three p60ls formed by the Fanndba stteatti. With it issue several very

salt sprili^s, charged with sulphttfeited hydrogen gas, Ttfe quantity of the oil

issuing froin the springs is very Small
; and, 1 am told, Varies from a few ounces

to about two quarts daily. The hatives collect the oil floating on the pools of

water by Sopping it up by means of straW>wisps, Which are then squeezed dry by
hand. The oil so obtained is of course miiced with a great deal of impurities, is of
dark brown colour, and ver/ thick. I could not obtain enough for an assay even
during the several da} s I stayed there. The stream was then very full of water
owing to rainy weather, and the oil *could not collect on the pools in sufficient quan«
tides, as the latter were continually draining off.

Some 150—300 yards further souih*east, the great fault shown in both sections

(figs. 6 and 7) has cut off the limestone and brought it into

direct contact with a series of the Murree beds (g) which
are not arranged in the numerous anticlinals sKown in Mr. Lyman’s report, but
form a normally ascending section dipping under an’angle of from 40° lo 50° north
agatmi the fault.

It is the same section seen near the southern half of the Ungo pass, namely a
sequence of sandstones of more or less red colour with intercalated sandstone and
subordinate limestone beds of the Murree series of Mr, Wynne, (Upper Subdthu of

Dr. Waagen). ‘

The fault is best and clearest seen on the right side of the valley, immediately

below the oil-springs; it is accompanied by* a great deal of minor disturbance and
crushing of the strata. Some 70 to 90 feet of the section is entirely formed of slipped

and crashed masses, whilst the dislocation is partly filled by a very distinct fault-rock

^a breccia of limestone and red sandstone blocks and debris cemented together

by a calcareous matrix. The same may be observed near Trakhobai west-south-west
df the oil-springs.

I have not heard of any other trace of oil in the neighbourhood
;
nor are there aUy

other indications visible within these two valleys, wfiich would point to the presence
of earth-oil, as far as I have examined the ground.

V .—Concluding Remarks,

In the preceding pages I have given all the information which we possess at

this present iboment, concerning one of the most important mountain ^anges of

Afgbinisti||n. The main points which result from a consideration of the information
are the following : -

The Safdd K6h forms a distinct line of ranges running almost due east and west,*

Oroaraphical featur
continued westwards meets the line of the Hindtt

ures,
at an angle of 45^ in the great mountain mass west of

Kibul, within winch the Kdbul river drainage, the Helmund, and the Itunduz river

(Oxtts dininage) take their rise. The Kdh-i-Bdbi, though possessing the same strike

as the Safdd KeSh, cannOt rightly be considered to belong stmOfurany to the saxxte

system of elevation^ as it differs in its past history from the latter.

I divide the tiystem df the Safiid Kdh into three distinct orographital areas^

&amely:~
I* The main axis, starting lumK^east of Ghazni in Afghanistan and ending

west of PesMwar on the Indian frontier.
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*. The northern skirting ranges, whidi, running parallel to the SaKd K(5h, ac-
company the latter in one or more distinct ranges, more or less closely
connected with it, and forming the Siih Kdh, the Besdd and Kdnar
ranges, the Khaibar hills, and they are probably continued, at all events

are closely connected with the ranges of Bajour and Buner.

3 . The southern skirting ranges, which start in Kharwdr in Afghanistan, run
parallel with the main axis of the Safdd Kdh, and are continued east-

wards as the Urakzai hills, the Afridi ranges, and finally end on the Indus
at Attock, and south of it in a scries of lower ridges.

How far and in what manner these latter are knitted to the Waziri hills south of

the Kuram is at present impossible to say, I believe however that a
close connection will be discovered.

The orographical features as related here are conditioned by the geological-

structure.
structure of the ranges. The latter is that of a succession
of reversed flexures, their longer shoulder dipping north-

wards and divided by at least two great systems of dislocation.

The northern skirting ranges, I believe, will be found to consist of old metamor-
phic rocks with palmozoic

; much altered strata following as a belt south of it, and
possibly some strata of the older mcsozoic wedged as narrow strips into the belt of

the latter (see Khaibar hills). „

The main axis belongs probably to the older palaeozoic group.

The southern skirting ranges are chiefly formed by the mesozoic group, with a
preponderance of its younger systems.

At least two systems of dislocations run parallel with the strike of the Saf^d
Kdh; the northern marked by a long line of igneous“ intrusive rocks, which may be traced from east of Kdbul to

the Khaibar hills ; the southern one, very plainly shown in the Kharwdr and Shutar-

gardan area in Afghanistan, where it is also accompanied by igneous intrusive rocks
whilst its continuance eastwards into the Afridi hills can only be conjectured by the
peculiar structure of hills seen from afar and the intrusions of igneous rocks nA^f
the Ubldn pass and Kohdt ranges. Within the easternmost termination of these
ranges (Cherdt and Ungo pass, also Sandlai ?) there are numerous minor faults
which arc probably continuations of the same system of dislocations.

*

The Safdd Kdh is distinctly not a part of the Hindu Kush system
; orographically

j «
speaking, it differs in strike, and structurally it is not atuflol

the ntndu Kiwh system.
the latter. The Hindu Kush contains within its

flexures a series of marine miocene beds, which take part
. in all the contortions and flexures which have affected the older rocks. iTie Hindu
Kush therefore dates in its entirety from post-miocene times, whilst within the gnfsd
Kdh system there is no marine formation interposed between the later nummulitics
(Murree series) and the Siwaliks. The elevation of this area was therefore finished,
or at all events sufficiently so to form dry land, in miocene times, tOgetheii vrith the
ground north-east‘of it, the Himdlayan system.

Hie Safdd Kdh forms the wrinkles of sedimentary strata along the-sottthem mat^il
of the ancient terra firtna of Swdt, Dfr, Kafiristdn, Chitral, and the countries
north of it; the real Hindu Kush, (the south-western portion of it) forms the western
fringing wrinkles to this firm crystalline massit
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Junction between ere*

taceous and tertiaries.

No overlap in creta-

ceous.

The junction between the upper cretaceous and the nummulitics along the

Urakzai.and Afridi hills is a normal pne, i,e., the nummu-
litics rest quite conformably on the former.

There is no unconformity or overlap observable between

the cretaceous and the upper Jurassic t^or neocomian?),a5

is the case in Turkistdn and Persia.

Finally, I may state that frpm personal observation of the section between the

Feshdwar plain and Mir Kdlan, 1 am forced to the conclusion

sla?^
Attock

palaeozoic age of the series of beds near Dig, de-

scribed by Waagen as Attock slates, is very doubtful. Their

present position would incline me to the belief that they are rather of later eocene

age, and possibly a fysch facies of the upper Murree series. They are plainly con-

formable to the Murree series at Dig.

The only locality within the area described in this paper where earth-oil has been

found is the narrow valley of Panndba in the Kohdt district-

Petroleum.
These oil-sources have been known for some time past, and

have been specially reported on in 1870 by Mr. B. S. Lyman in his report already

cited. The geological details given by this expeit are incorrect, and his speculations

with regard to the distribution of the oil in the strata exposed are without foundation,

whilst his view that the oil found in a certain stratum being entirely confined to the latter

is certainly erroneous, though I agree with him in believing that the oil of Panndba

belongs probably to the horizon in which it is found, 1.^,, in other words the oil is

there m " primary deposition.”

The only facts which I was able to collect on the spot regarding this find of oil

are stated in Chapter IV. They are shortly these :

The oil issues along joints in earthy, and near the springs, bituminous, nummu*
litic limestone, which joints occur within a few yards of the crushed fault shown iu

figs. 6 and 7 of pi. 2. I did not find any oil traces along the main fault itself, but the

latter is so much obscured by detritus and crushed rock that oil traces may very

well exist below the latter without showing on the Surface itself.

There is no other oil horizon known in the neighbourhood as far as I have been

able to ascertain.

The oil traces, such as they are, occur therefore in a highly disturbed area, issue

actually along lines of fracture and near the noithern half of what would have been an

anticlinal, if the fault had not lowered the entire upper eocene (Murree series) down to

the level of the nummulitic limestone (f) which dips under a high angle to the north.

Modem researches have shown, and so far almost without doubt, that anticlinals

favour the accumulation of oil beneath them, if oil exists at all in the strata below an

impervious cover. This view has been held for some time past, and it was Professor

Hans Hdfer who was the first, I believe, who showed that the principal oil sources of

Canada* Ohio, yi^estern Virginia, etc-, are collected below great lines of anticlinalsL

This view has since been adopted and expanded by American and foreign scientists.

I need not go further int6 this matter ^which has been threshed but by numerous

authors*) or point out the various objections to thistheoty which have been urged

> Die Petfoleuin Indastrie Nerd Americas, 1S76, pp. 81 and 82.

* $ee also R. D. Oldhami Metnomndum on the Mode of Occurrence of Petroleum,

Calctttia* iSpt.
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with more or less success. These must occur to every thinker; the natural objection
that along lines of aiUiclinals fissures often occur, and that, therefore, oil-sources are
more frequent along anticlinals is true enough without doing away with the factt

that if the oil proceeds upwards owing to internal pressure, it must needs follow tha
the most favourable rock structure to arrest the upward flow of oil is the gntipi;«q

t

fold or dome, if protected by an impervious bed, and underlaid by porous strata,

forming as it were an oil-sponge.

This granted, it must follow that the amplest supplies of oil must be more or less

of "secondary deposition" (H. Hofer)—an ‘interloper,” as H. B. Medlicotti calls

it. But, apart from the mechanical fact that oil must accumulate under favourable
conditions under such anticlinals, we may form some opinion regarding the Panndba
oil traces in the light of what has been recorded of other oil localities.’

The oil oozes out at Panndba, not along the crest of an anticlinal, but from out
of joints in limestone close to a long line of faults. But this does not prove that
this system of faults has nob tapped a larger accumulation beneath an anticlinal in
the strike of the flexures. Possibly there is somewhere such an accumulation • and
probably the immense compressirn which the beds must have suffered, and' it is

imaginable, are still undergoing, is not only forcing the oil into convenient
receptacles, but also is slowly squeezing dry the “ oll-sponge," whatever the latter

may be, and hence causes this steady supply, small though it may be, of the oil

along the lines of joints. So far the sources of the oil mjght be sought for any-
where ; and it might he conjectured that, under favourable Structural conditions, a

' larger supply of oil could be expected.
’

Much was hoped of the oil supplies' of the Punjab, and trial borings have been
made here and there, but all without any great success. Everywhere only traces of
oil have been obtained, but, on the other hand, a considerable amount of experience
was gained. It appears that oil traces are only found within the eocene rocks in the
Punjib, or rather have not been discovered beneath the latter. Not a single case of
oil traces occurs, as far as 1 am aware, in strata older than eocene in the Punjdb or
counuics across the border, nor in the sandstones and shales younger than nummu-
litic. The oil is therefore certainly, as regards the base rock of the eocene, the
nummulitic limestone, in " piimary deposition," though it might either be “con-
nate ” or " innate,” contemporaneous or metamorphic, in its origin.

I myself believe that, until facts contradicting the view are discovered, the oil

traces of Panndba, and indeed of the Punjib generally, must be associated with the
enormous mass of organic matter which has contributed, and in some cases has
even formed the eocene beds of these sections.

It is Impossible to view the mass of the nummulitic strata of these hills, espe-
cially the limestones of the lower eocene, partly of coralline origin, partly simply
filled with nummulites and other foraminifera, without being forcibly reminded
of the interesting description given of the coral reefs of Jcbl (Djebel) Zeit in the
Red Sea by I}r. Oscar Fraas.* There, a formation of ttetroleum is closely connected
with the coral reefs.

' Records, Vol. XIX, p. 190.

* Hans Hafer ! " Das Erdai.” Braunschweig, 1880, 8to. The learned author has la this
book collected a vwt amount of information concerning earth-oil and its uatore.

• Aus dem Orient, Stuttgart, 1867, 8vo, pp, 191 to I9S.
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The oil-wells occur opposite El Tdr on African soil
; and, together with the sul-

phur of Ras Gimsheh (south Of El T6r) are leased to the Marquese de Bassano.

They ate situated near the foot of a porphyry scarp, along which the coral reefs ex-

tend. The wells are simply holes dug out of the reef not far from the shore and

below the level of the sea. As usual, there are exhalations of sulphuretted hydrogen

;

the oil collects as a greenish thick mass, several inches high on the surface of the

water in the holes, and is there collected into glass vessels.

Fraas does not doubt that the oil originates in the coral reef : the latter near the

8ea«>shore is completely impregnated by bituminous matter, and oil trickles out in

single tears and drops, whilst it rises to the surface of the water (the latter generally

of about 90^ F. temperature), being of lesser specific gravity. The lagunes are

simply filled with organic (’chiefly animal) life; its water never sinks to a lower

temperature than 73° F., and is generally above this figure. There is a constant

decomposition going on with the formation of gases, whilst no doubt, the heavier

hydro-carbons condense as oils.

A very good proof that the oil does not originate away from the coral reef is found

in the experimental workings carried out by the Superintending Engineers of the Oil

Company. Concluding that the oil rose along the contact between the coral reef

and the porphyry scarp, a trench was dug right across the reef into the scarp itself,

to a depth of about 30 feet. It was found that the reef away from the sea does not

contain a drop of oil or oven bituminous matter, nor is there any oil found along the

contact. Not even the water penetrates into the close coral limestone, which appears

white and dry on both sides of the trench, 3 feet wide and 30 feet deep. Only

dose to the living coral bank below the level of the sea is oil found to exude from

the reef.

Similar finds of bitumen (with sulphurous springs) occur in many localities of

the cretaceous and tertiary rocks of Egypt and Palestine. The sulphurous springs

of Hamam near Tdr in the Gurhundel near Suez occur all in the old reef, and pro-

bably the higher temperature of the rocks is owing to 'the bitumen which it contains

ahd which is constantly decomposing.

It seems clear that the occurrence of salt, gypsum, and sulphur is closely con-

nected with the formation of oil in the lagunes. Not far south of Jebl Zeit the coral

reef formation constitutes a wider belt along the sea-shore, and within are found

sulphur deposits which alternate with gypsum and salt layers. The sulphur occurs

in nests and veins in the gypsum, much in the same manner as does the sulphur of

Girgenti in Sicily, although the latter belongs to an older tertiary horizon. So much
from Dr. Fraas.

It is impbssible not to be struck with the possible connection of the petro-

leum contained in the Punjab tertiaries with the immense mass of organism

which have contributed to the formation, of the lower eocene in that ar^. If the

6il has originated in the coral lagunes and nummulitic seas, 1 believe it must have

been absorbed within coast formations (sand-dunes probably) which have*acted as oil

aifonges as it were, and which would now fonn strips within the eocene series of beds

tn No«th*>W€Stem India* ' Compression of these formations into flexures and result^

iMgpmm have squeezed the oil into other and more favourable receptacles

Itw hm/m Iblow anticitoals ; or have forced it to ooze out along lines of fissure,

but imoiMbaless, 1 believe it to be contemporaneous with the eocene stiuta. I mav
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here mention that Mr. Townsend’s description of the Khdttan oil locality favours the

view 'Vthat the oil is indigenous in these eocene rocks, probably in the shales that

are described as so densely charged with organic remains, although the associated

fractured limestones have afforded in their crevices convenient receptacles for the

oil. I certainly think that this view should be the one adopted for immediate ope-

rations.” 1

If this view be adopted for the oil-sources of the Funjdb, it only remains to con-

sider whether the indications warrant any hopes of a larger supply of oil being dis-

covered at Panndba or elsewhere within the tertiary system. I confess I am not

sanguine that such may be the case. The thickness of the lower eocene, rich in

organic remains, is not very considerable, and seems altogether of local distribution

as might, indeed, be supposed of a coralline formation. It occurs also more or less

as a long strip, following in some degree the strike of the lower ranges of the

Saf^d Kdh and the southern margin of the North-Western Himalayas; which strip

has been extensively distui*bed, crushed, and faulted, and it may therefore be pre-

sumed that much of the oil supply has been run to waste through fissures. Certain,

ly, however, there is none at all
;
and this being so, I think that it is advisable to con-

tinue the geological exploration of the area, and even to carry out trial borings in

places which would promise most success; perhaps it will be found that further

away from the disturbed area such a locality may be discovered. I am not hopeful

of great results, but the attempt should certainly be made, to settle once for all

whether there are any productive oil. measures in the Punjab. * One would not have

'to look below the eocene strata for such.

Camp Manmaw,

UPPER BURMA;

j/h January i8g2,

• ’ H. B. MeTllicott : Recards, Vol. XIX, p. 201.

1 ) 2
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Report on a Survey of the Jherria Coal-field, by THOMAS H. WARD,
Assoc. Mem. Inst. C.E., F.G.S., Assistant Colliery Manager^ East

Indian Railway} (With a map and 3 section plates.)

Pursuant to Dr. Saise’s orders—to make a definite report on the economic re-

sources of the coal-field—operations were commenced on March 8th, 1890, and

were carried on until the rains broke on 27th June.

The western extremity of the field lies about 13 miles to the south of Parasnath

Hill, and the northern boundary is for some miles parallel to, and about 4 miles

south of, the proposed Grand Chord Line.

I had the assistance of Mr. T. W. H. Hughes’ report and map (Memoirs,

Geological Survey of India, Vol. V, Pt. 4)* It will be seen that I have greatly

modified the area represented as being occupied by the Raneegunge and Iron

Stone shale groups, and I have supceeded in correlating all the seams in the main

portion of the area and in working out all the principal faults.

A few brief remarks in reference to the structure of the field and in explanation

of the sections now submitted are necessary.

Cross section N o. (Plate 3) shows the general structure of the field.

The groups exposed, named in descending order, are

—

(x) Raneegunge 2,500 feet:

(2) Iron-stone shale—600 feet in west (Jamooni section) and 1,600 feet in east**

(Chatatand section),

(3) Bardkar, about 3,000 feet.

(1) The Raneegunge group occupies 28 J square miles in the south-west corner

of the field. No seams of interest were met with, and no effort was therefore made
to correlate them.

(2) The iron-stone shales underlie the above and spread to the north and

^east. On the wen they disappear under the great fault (shown in cross section

No. 5 and on map^, which in the Jamooni has a throw of about 1,600 feet. To the

east they thicken out from 600 to at least 1,600 feet, and occupy all the area on the

south of the field up to the southern boundary fault (see cross section No. i and

map).

(3) The Bardkar group again underlies the above and spreads still farther

north and east, occupying the whole area of the coal-field, 150^ square miles. It

contains 17 seams of coal, of upwards of 5 feet in thickness. A reference to cross

sections 2, 3, and 4 will show that in the main central area these measures ^*dip”

at an angle—very moderate from a mining point of view—of 10® to the south,

whilst on the flanks east and west (cross sections 1 and 5) the dij^s increase to 30"

and 40^ The base of the Bardkars, it will be seen, attains a depth of over 6,000

feet below the surface on the south-west of the field and of about, 5,000 in the

south-east. Cross sections a and 3 have beefl given to illustrate the interesting

^ ^brough toixHesy ojf the Agent of the East Indian Railway,' this report is allowed

to appear in these 'Records. It is of great interest as following on the survey made so many

, yeii^s wiby lilr.T, W. H. Hughes.^En. •

’ • ;Exclhdihg the Talchir group.
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series of “ strike ” faults which has rendered the Busjoria and Basreya sections so

difficult to work out, and the comprehension of which is essential to the object of

the survey.

The high dips at Chasnalla (No. i section) and the heavy faulting in the Kunjea

Jor^ are due to the great upheaval which concentrated itself along an east and west

line running through Bhatdeeh and north of Chatabad, and which, tearing through

the coal strata on the north (Radhoochuck and Soorunga), turned the edges of the

southern fragment of the field up to day'ighl.

The fault marked by a dotted line near Burhemusiya (east of Doomra) seems

the most probable solution of the structure there. 1 had to abandon the field

while investigating this problem.

In the plan I have omitted all reference to trap dykes. The map of the Geo-

logical Survey of India, where Mr. Hughes has carefully mapped nearly all, can

be referred to for information. Structurally they are of course of secondary im-

portance. In the main central area and to the east there are fewer dykes than in

similar areas in the Raneegunge field. To the west they increase in number and

size, but there is no reason to suppose that they do more than (as is the case in the

Kurhurbaree and other fields) locally affect the seams they pass through.

One striking feature of the field is the burnt out-crops. These aggregate many

miles in length, and the burning of the great seams of coal—as for instance in the

vicinity of Jherria Khas—^has altered and slagged down the superior shales and

sandstones until the desolate and cinder-strewn localities appear at first sight to

have had a volcanic origin. In no case, however, has the cause of combustion been
' due to intrusion of volcanic matter.

Turning to the sheet of vertical sections (Plate 2) it will be seen that I have

numbered the seams from the base upwards, and that any of the seams can be easily

identified on the plan by these numbers. Nine vertical sections are shown, and these

have been compiled from the horizontal sections exposed in the various rivers after

which they are named.

As the sections of the Bugdigi and Katree abruptly end against the north bound-

ary fault, it is only possible to surmise the manner in which the enormous seanr^

Nos. 2 to 4 splits up to the east.

As above stated, 17 seams of coal have been traced out. It is unnecessary to

refer to each of these seams.* Suffice it to say that all were scrutinised and samples

from such as presented an encouraging appearance subjected to analysis.

This brings me- to the main question, the quality and available quantity of

steam coal.

No. 13 seam contains a very fine quality of coking steam coal, so superior to

the quality of coal in the rest of the seams as quite to discount any value they might

otherwise have possessed.

In following this seam from.west,to eastjt will be seen from the sheet of vertical

sections that it thickens from 8' o" to 55' o".-

On Plath*i, 1 give 7 sections of this seam showing the changes it undergoes

from west to east—27 miles—and also the quantity of ash contained in various

sections.

* It has been impouible to give gmter detail on the small scale map.
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The quantity of coal available from this seam, containing less than 13*5 per cent,

of ash (the great proportion of the coal containing about 1 1 per cent.), is*:

—

(1) At depths less than 800 feet and ** dipping at less angles than
12** and in a seam from 8-0 to 15-0 in thickness . 157 million tons.

(2) Ditto ditto at angles from 12° to 55**. . . 56 „ „
^ -

Total quantity down to 800 feet . 213 „ „
(3) At depths below 800 feet the greater portion dipping at about 10

°
877 „ „

Total 1,090

The above is the gross quantity. As the quantity under head (i) is very favourably

situated for mining, a deduction of 20 per cent, will be ample for loss in working.

Similarly 40 per cent, should be deducted from head (2), leaving a total nett avail-*

able tonnage at a less depth than 800 feet of over 159 million tons.

I append a table showing the chemical composition of the coal in the Jamooni

and Ferghabad Sections of this seam, and comparing them with an average sample

of Khurhurbaree coal :

—

Volatile
constitu-
ents per
cent.

a.

Fixed
carbon
per cert.

Rbmaxks.

0 n f lamooni •

^
i,
Ferghabad
Ku^urbaree^

^8*29

29 80 i

24’00

58*24

6o‘oo
6684

i5‘47
10*20

91sm ( 13*3 lbs. of water evaporated

X from 212° per lb. of fuel.

13'2 ditto ditto ditto.

The calorific tests are by Thomson’s calorimeter.

These results show that in chemical constitution and evaporative power this coal

is nearly allied to the Kurhurbaree coal. The ash shows no tendency to clinker.

Such a coal is much superior to the general average of the raisings in the Ranee*

gunge coal-field, and when the Grand Chord Line is built would command the North.

*^Wc8t mteirket. It will be 75 miles nearer to Moghal Sarai than Giridfh coal, and will

have an advantage of from 25 to 30 miles over Bardkar coal.

iVb. 12 seam.^ln the centre of the coal-field, for nine miles, this seam contains

valuable fuel in a seam from 5 to 6 feet in thickness. Towards the east, bands of

ahale appear, and to the west the seam appears to get poorer. These facts greatly

turtail the area over which the seam can be safely estimated. TTte figures below

axe isrell within a safe margin.

The quantity of available coal from this seam, containing less than 14*25 per

cetit* oi ash hi sections over 5 ft. thick, is

—

,

(i) At depths lese than 8do ft. and dipping at a less angle •

than ia-gtm . . 46»€S3iOoo

Say nett 37 million tons.

,s
(h);At ^eater dlfahs than ft. and diguing at lo® or ^

•

^ • - • * »> . »

Total hbtt available 187

From Qiift of tlr, revolts.
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1 have given 3 sections of this seam» and below is an analysis of the seam at

Ekra

•

Volatilb^
constItuenSP
per cent.

Fixed
carbon
per cent.

Ash per
cent.

Remarks.

No. iSseRm, Ekra 26*28 61*36 12*36 •
f* The coal from this section did

< not coke. That from all other

{, sections coked well.

The constitution of this coal indicates that it is a good steam coal.

No. 17 seam was examined only at Seetanalla (on the east of the field and south

of the Bamuda), where it contains a valuable fuel. Analyses of the whole seam^

which is there 10 ft. thick, gave the following results :

—

volatile
'

constitueuta
per cent.

!

Seetanalla, No. 17 scam 32*19

Fixed
carbon
per cent.

5758

Ash per
cent.

10-23

Rbmarks.

Samples all coked.

A glance at the map will show that in the central part of the field this seam

shows itself infrequently. It was not until towards the end qf.lhe survey operations,

and when it was too late to take steps to test it further, that the value of this seam

was noticed. The information available is therefore insufficient to enable its eco«

nomic resources to be estimated.

Tabulating results we have

—

Reference to seam.
At depths down

to 800 feet.

At depths greater
than Son feet.

•

No. 13 (lo®)....
lo^ S5'> .

No. 12 (10 ) .
• «

•

1577000,000
56,000,000

46,600,000

877.000.

000

150.000.

000

•

Gross 259,600,000 1,027,000,000

Total gross ... 1,286,600,000

Nett available as per previous re-

marks. 196,000,000 668,000.000

Total nett available ... ... 864,000,000 tons.

None of the other seams claim notice here. In some of the section^ good c<k^l

was met with, but always in association witl^ inferior coal. •

The Above ^ormous quantity of valuable steam coal is situated in a di^rict

wh^re labour is plentiiful-^Tlrom which in fact thousands of coolies are ahUUAlly de^

ported to Cadbar and Assam. A leavening of the population also has already

gained $omo experience in coal mining in the neighbouring dii^ricts.

/Otarnfit::
' .1'

.

'

'
^
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GEOLOGICAL SURVEY OF INDIA DEPARTMENT.

TRl-MONTHLY NOTR.S.

No. 1 1. Ending 30TH April 1892.

Director's Office^ Calcutta^ 20th April i8g2.

The field working season is about coming to a close, but the disposition of the

Survey staff stands as reported in the previous note ; namely

—

Lower Burma.—Theo. W. Hughes, a.r.s.m.. Superintendent.

P. N. Bose, b.so., 2nd grade Deputy Superintendent.

Upper Burma.—C. L. Griesbach, c.i.e., Superintendent.

Fritz Nd£TLiN6» ph.D., Palaeontologist.

^ ^
P. N. Datta, b.sc.. Assistant Superintendent.

Punjab.^!!. D. LaTouche, b.a., 2nd grade Deputy Superintendent.

C. S. Middlemiss, B.A., and grade Deputy Superintendent.

W. B. Dallas Edwards, a.r.c.s., Assistant Superintendent.

Madras,

—

^T. H. Holland, a.r.c.s., Assistant Superintendent.

Head Quarters, Ca/m/Ai,—The Director; and R. D. Oldham, a.r.s.m.

Superintendent ; and F. H. Smith^ a.r.c.s.,,

Assistant Superintendent.

• Mr. Holland having completed the examination pf the iron conditions in the

districts of Arcot, Chingleput, Coimbatore, Madura, Malabar, Nellore, Nilgiris,

Salem, Tanjore, Tinnevelly, and Trichinopoly, returned to head-quarters temporari-

ly. The investigation will be resumed in Mysore, the Central Provinces, and re-

maining principal iron-bearing tracts in November. In the meantime, Mr. Holland

has prepared a preliminary report on the iron resources and nauive smelting indus-

tries of the Salem district; and a preliminary Hand-Book on the Iron Ores of the

Madias Presidency is in preparation for the Imperial Institute. In this connection,

^ discoveiy of the manufatcture of steel by the decarbonisation of cast-iron shot

fay the Ksttipariahs in ihe Salem district, as compared with the wootz-making in-

<|liitj|tty dL Ae Trichinopoly Karumansi, is a point of considerable metallurgical

reports of progress show that the tin exploration

sufficfent completion to a}loar of leasing ahd

in that way which are likely tocome
{MO^pectitig "field j^rties will

question'll further ekploration'ioii such

Aii! Cfancomittnt u^fth the tin semcb on the upper Tenassarim
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river, Mr. Hughes has made some important investigations in the coal occurrences

in that direction ; so much so, that he had been able to despatch some raft-loads of

promising coal down the river for trial in the coasting S. S« Mergui ” and the pro-

specting launch.

4n Upper Burma, Mr. Griesbach accompanied the north-eastern column and

explored the country lying between the Upper Irrawaddi and the Chinese frontier;

Dr. NOetling was attached to the Maingkwan column, and visited the amber and jade

mines ; while Mr. Datta was* engaged in the Thayetmyo district.

In the Bhamo district, the country north and north-east of Bhamo is chiefly

formed of crystalline rocks occurring in a series of flexures running more or less north

and south. A few strips of sub-metamorphic rocks, probably of palaeozoic age,

occur within these folds; amongst them is a crystalline limestone which maybe
expected to have yielded the spinels which are found in the Irrawaddi alluvium.

Patches of younger tertiary rocks are found here and there, which contain lignite

in beds of 3 to 4 feet in thickness, as to the west of Mogoung, and again, to

the north of that feature of the upper Irrawadi drainage called the ''confluence."

Gold is found all over this country in the recent deposits, and is actually washed

for by the natives, through in a very primitive fashion. The very extensive alluvial

flats " between Hokat and Watu on the Irrawaddi are rich in gold ; so that it
^

seems as if there were here a more decidedly favourable prospect of a successful

" placer " tract than has yet been noted in the Indian Empije^. Mr. Griesbach has

suggested to the Government of Burma the expenditure of a considerable sum of

money in order to ascertain the extent and capabilities of these auriferous deposits

;

a proposition which will receive due consideration. Spinel, in the form of small

rounded crystals, is profusely scattered through some of the alluvial deposits, in-

creasing somewhat in size in the neighbourhood of the " confluence " above referred

to
;
the inference being that they have been derived from limestone beds which

occur some so miles north of this locality. Associated with these spinels are

splinters of what Mr. Griesbach considers to be rubies, though they were too small

for field identification. Some few small crystals of ruby are said to have been found

by natives to the north of Watu.

The jade and amber mines were visited by Dr. Noetling with apparently favour-

able results, though his report has not yet come in.

Although the lignitic coal mentioned above as occurring some 10 miles west of

Mogoung is only in poor seams, it will no doubt have an important value when the

railway to that plape shall have been completed. Similar seams, of about 3 feet in

* thickness, are reported as occurring near Talang, north-west of the confluence;

some samples of which have been burnt in the Government river steamers wirii

satisfactory results.

In the Thayetmyo district the survey g€ the country between the town of that

name and the Arrakan coast was left to Mr. Datta, Mr, Griesbach having subse-'

quently inspected the work. «

His report on the main results is, that there is a comi^iete sequence of striim

between tte eastern slopes of the Arrakan Yoma and the Irrawadi riyer, from coarse

sandstones and grits (upper cretaceous prolljably) to the younger tertiary d^osits of

the Irrawadi Valley. Especially well (jteveloped are the eocene, beds^ n^icfa ^
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richlj fossiliferous and occupy the whole breadth of the eastern slopes of the

Arrakan Yoma, a portion of which was formerly considered as of triassic'age (“ Axial

Series” of Theobald). This further evidence as to the occurrence or non-occurrence

of triassic rocks in this region is of the highest importance ; but it is as well to notice

the fact that a triassic age was only attributed to these rocks on certain somewhat

questionable fossil data. Indeed, the Axials ” were originally considered by Mr.

Theobald as comprising the oldest tertiary beds and their immediate predecessors

in the series.

Some unimportant oil wells west of Thayetmyo were visited by Messrs. Grics-

baoh and Datta.

On his return from his deputation with the Maingkwan column, Dr. Ndetling

resumed work at Yenangyoung in connection with the settlement of the oil-leases

in that district. A most interesting feature of this officer’s later work in this region

are the reported finds of tertiary fossils, and among these the remains of bird-like

jaws with teeth.

Towards the end of March the Director visited Baluchistan and approved of a

site for a further experimental boring for oil in the Chuppsgr Rift, the works at

Khattan having been finally abandoned owing to the unfavourable results obtained

in the crucial boring suggested by Mr. Oldham in the Siah Kutch plain. The

Qiuppar Ramu, which is a huge ellipsoidal domoid, or whale-back, ridge crossing the

north-west end of the Hamai valley, is cut right across its middle by a deep gorge,

or “rift,” up which the Sind-Pishin Railway runs. Thus, some 600 feet of the over-

arching nummulitic limestones of this great anticlinal have been scooped out across

the longer axis of the dome, exposing the underlying belemnite shales ; the scries

so exposed by denudation answering, as closely as can be inferred, to that penetrated

by the borings at Rattan. It is presumed that this Chuppar anticlinal offers

conditions for holding oil under a nearly perfect and unbroken cover. With the

advantage of over 600 feet of the covering limestones having been removed by

denudation, there is also the fact of only the merest traces of oil-shows having been

reported by the engineers during the cutting and tunnelling of the railway, which

points not only to the existence of an oil source und^r this dome, but to the pro-

bability of its having only the slightest opportunities of yssue. On these grounds,

the site for boring has been selected on the exposure of the belemnite shales in the

bed of the rift ; and it is expected that the possibilities of the site as a source of oil

will be ascertained within a range of 700 to 1,000 feet, probably within the lesser

depth.

The proposal initiated by Professor Ed. Suess, of the K. K. University of Vienna,

to send out Dr. Carl Diener to collect and study the fossiliferous beds of the trias-*

sic formation in the Central Himalayas, in colaboration with the Survey, having been

accepted by the Government of India, sffid Dr. Diener having arrived in India, the

expedition is being prepared to start early in May. The Survey will be represented

by Messrs. Griesbach and Middlemiss, the former officer being in charge of the

patty*

CoiiSquent on the retirement of Mr. Foote, Mr. R. D. Oldham has been

to Superintendent^ and the vacancy caused in the third grade has been

filled by Miu P. H* Smith, Associate of the Royal College of Science.
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List of Reports and Papers sent into the Office for publication or record

during February^ March^ and Aprils tSga,

Disposal.

P. R. Mallbt . !
On the locality of Indian Will appear in the RecordSi Geolo-

I

Tscheffkinite. gical Survey of India, for August
• next.

List of Assays and Examinations made in the Laboratory^ Geological Sur^
vey of India

^
during the months of February^ March^ and Aprils iSga,

Substance. For whom.

Galena with quartz . M. F. Lavelle, for Gil- Assayed for lead and silver,

landers, Arbuthnot &
Co., Calcutta <

Four specimens of quartz Dr. R. C. Sanders, Cal- Assayed for gold,

cutta.

Two specimens of phospha- Dr. H. Warth, Officiat- Specimen “ No. 4.”

tic nodules from Utaioor, ing Superintendent, Gov- Qantity received 1 1 oz.

Trichinopoly district.

ing Superintendent, Gov- Qantity received 1 1 oz.

ernment Central Mus-
eum, Madras.

Contains 26*5 per cent, of phos-
phoric ahltydride (P2 Os^

Specimen “ No. 5.”

Quantity received xi oz.

Contains 29'SS P®r cent, of phos-
phoric anhydride (Pj O^).

Three stones and a small Walsh, Lovett & Co., Psilomelane.
box of earth” from the for His Highness Amir Decomposed gneiss.

Matral of Katwaz, for of Afghanistan,
determination.

A box of minerals and Chemical Examiner to

rocks for determination, Government Punjab,
for Museum, Lahore. Lahore.

1. Fine grained crystalline lime-

stone with calcite.

2. Barytes.

3. Green pyroxene (Diopside).

4. Calcite.

5. Copper pyrites in quartz (3 speci-

mens).
6. Limestone with garnets and

spinels.

7. Calcareous sinter.

8. Decomposed rhyolite.

9. Shale with calcite veins.

11, 13,26, 45. Quartz with tourma-
line.

12. Pink calcite with chlorite.

15. Copper pyrites in quartzite.

15. Cafweous#ock.

10.

Copper uranite.

x8 (i). Native arsenic.

i8(ti). Decomposed basic igneous Tock,

with chloritic material and
magnetite.

19 (i). Quartz with trace of haematite.

20. Calamine.
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List of Assays and Examinations made in the Laboratory^ Geological

Survey of India, during the months of February^ Marchfand Aprils

idga—continued

SabsUn^e. For whom.

21. Galena.
22. Galena and copper-pyrites in

quartz (3 specimens).

24. Galena in quar z (2 specimens).
26. Ditto aitto.

23. Specular iron ore, Nos. 35r 27,

53 (a specimens), 54, SS, s^»

S7» 58, (2 specimens), 64, 68,
103 (i), 104, 71.

24. Flint.
^

25. Cobaltine (2 specimens).
28. Pyrolusite.

29. Strontianite.

30 (Or 7^ Scoriaceous basalt with
biotite inclusions.

30(ii). Quartz with pyrites.

31. Quartz with barytes.

32. Calcareous sandstone.

33. Quartz on haematite.

34. Sandstone (shale), with licfnite

(Siwaliks).

70. Ditto ditto ditto.

38. Iron pyrites decomposing.
40. Malachite.

42. Copper pyrites in quartz,

43. Natrolite.

44. Psilomelane.

46. Opal in calcareous rock*
47. Oxide of lead.

49. Calamine.
51. Lithomarge.
53. Pyrolusite.

59. Barytes. •

60. Magnesite.
6t. Gypsum.
62. ^Barytes with galena (2 speci-

mens)*
63. Aibite with superficial deposit of

chloritic material.

64. Felspar—plagioclase.
65. Clay,
66. Wolfram.
67. Finely crystalline limestone.
72. Iron pyrites decomposing.
73. Mispickel.

74* Mica schist with small peacock
copper crystals (3 speci-
mens).

7$. Graphitic date.
76. Anhydrite.

77« Tetrshedrite.

80| 37. Fossil wood siliciSed.

^ Iron pyrites with tetrahedrite.

|3. Afiglesite crystals on llmonile.

84 36. Attgite crystals on decom^
posed toff.

86* Tetnthedrttei

Caldte.
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List of Assays and examinations made in the Laboratoryy Geological

Survey of India, during the months ofFebruary, March, and April,

/^93—continued.

Substance. For whom.

88.> Celestine with sulphur.

89- Haematite with specularite.

90. Chalcedony.

^
93. Psilomelane.

* 03. Fossil. Genus Trigtmia,

94. Cuprite with native copper.

95, 96 and 98. Limonite.

97. Cbalybite.

98. Iron pyrites in talcose schist.

99 Andalusite.
100. Ferriferous opal.

101. Chryscolla.
103. Orbicular Diorite—^“Cofsite.*

103(11). Galena.
104. Talc in quartz.
106. Apophyllite.
107. Antimonite.
108. Chal3edony<- *' Bloodstone.”
109. Native copper.
1 10. Crystalline limestone,

lit. Haematite.

157. Tremdlife.
103. Zeolite in cavity of diorite.

180. Felspar-^plagioclase.

184* Ditto. Cansbadtwin of orthDitto. Cansbadtwin of ortho*
clase.

198. Selenite.

199. Porfido Verdo Antique.”
333. Tourmaline in quartz.

395. Limonite.

324. Franklinite.

337. Syenite.

347. Galena.
363. Erubescite*

383. Cinnabar.

• 391* Pyrargyrite with barytes.

Some minerals without numbers as fol*
• lows

** Ore of antimony Valentinite. Spe-
cimen of calcite. Specimen
of calcite specularite with
pyrrhotine.

The specimens numbered lo, 17, 39b 41

»

50,^ 1 13 and 336 bave^no
distinctive characters.

Sent by ]. P. Kirkup (on Quantity received 3ift ; contains no
account of T. W. gold.

Quarts

I way, Hyderabad.
White cby '* for exainifia-| Burn dt Co., Calcutta

account of T. W.
Hughss), Yellandellapa-

dtt, Nizamis State Rail*

way, Hyderabad.
luRM dt Co.. Calcutta Kaolin.

Assayed for gold, silver and lead*One speeimms of smelted F. W. Hbilosrs dt Co., Assayed for gold, silver am
galena ore.^ Cnleutta,

Hard black subatenoe ” J. Macxav, Moniakhal Lignite, with iron pyrites,

to determination. Tea Bstat^ Silchaa
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List of Assays and Examinations made in the Laboratory^ Geological

Survey of India^
during the months of February^ March; and April

/ Sga—continued.

Substnnce. For whom. Result.

Two apecimens of Union-'

ite with quartz.

A specimen of lignite for

assaj.

Three specimens of coal

for assay.

T. W. Hughbs, Geolo^ri-

cal Survey of India,

Mergui.
C. W. Hopb, Dehra Dun,

North-Western Prov-
inces.

C. Medlvcot Jones, Cal-
cutta.

Both qontain gold.

One specimen of quartz
from Kanmoora, Border
of Sonthal pargunnahs.

C. Higgs, Calcutta. Assayed for gold.

1

Two specimens of mundic. Octavius Steel & Co.,

Ld., Calcutta.

Assayed for gold and silver.

1

Notifications by the Government of India during the months of February^

March and April iSga, published in the Gazette of Indiaf Part J.

^Appointment^ Confirmation^ Promotion^ Reversion and Retire-

ment, * ^

Department.
Number of

order
and date.

Name of

officer.
From To

Nature
of

appoint-
ment,
etc.

With
effect

from

*

Remarks.

Revenue and
Agricul-
tural De-
partment.

370 Sur-
9 >

veys, dated
jfcth Feb-
ruary 1892.

F. H. Smith Assistant
1 Superin-

tendent,

3rd
grade. f

Substan-
tive.

iithFeb-
ruiiry

1892.

Anuualincrements to graded Officers sanctioned by the Government of

India during February^ March and April iSgz,

, Name of ofiScer. From To With effect

from
No. and date of

Siinction.
Remarks.

T* H. 0. LaTouch* .

1
700

•

tst April

1892.

!

Revenue and
Agricultural

Department,

No. 2# Sot-

veys, dated
i;4th ; Aprfi
1892.

•



PART 3.] Tri-monthly Notes. 121

Postal and Telegraphic Addresses of Officers.

Name of officer. Postal address. Nearest Telegraph office.

T. W. H. Hughes Mergut «... Tavoy.

C. L. Gribsbach • Almora, Kumaon N. W. P. Almora.

R. D. Oldham . Calcutta .... Calcutta.

P. N Bose . • Tavoy . • . Tavoy,

T. H. D. LaTouche Lahore .... Lahore.

C. S. Middlemiss ^^aim Tal.... Naini Tal.

W. B. D. Edwards Murree .... Murree.

P. N. Datta Thayetmyo Thayetmyo.

F. Noetling Yenangyoung . Yenangyoung.

Hika Lal . Abbottabad Abbottabad.

Kishen Singh • Dera Ismail Khan Dera Ismail Khan.





PART a.] Additions to the Museum.

DONATIONS TO THE MUSEUM.

From the ist February to 30TH April 1892.

2 fossils.

Presented by H. B. W. Garrick* Calcutta.

2 specimens of phosphatic nodules, from Ootatoor, J^erambalur taluq, Trichinopoly

district.

Presented by Dr. H. Warth, Ofpiciatino Superintendent, Government
* Central Museum, Madras.

Specimens of Gwalior clay.

Presented by Col. Pitcher, Dept. Land Records, Gwalior State.

4 fossils.

Presented by Ragonath Rao, Yadow Bhagvat, Secretary, Council of

Regency, Gwalior State.

1 specimen of muscovite, from Hazaribagh district.

Presented by Edwin T. Hollingsworth.

ADDITIONS TO THE LIBRARY.*
*

From ist January to 31ST March 1892.

Titles (f Books, Donors,

Beyrich, E,—Uber Einige Cephalopoden aus dem Muschelkalk der Alpen und Uber
Verwandte Arten. 4° Berlin, 1867. R. D. Oldham, Esq.

Bronn’s Klassen und Ordnungen des Thier—Reichs. Band II, Abth. Ill, lief 13 to i6«

• 8° Leipzig, 1892.

Burnie, R, W.— Memoir and letters of Sidney Gilchrist Thomas. 8® London, 1891.

Carpenter, Will. B .—The Microscope and its revelations. 7th edition. 8° London,

1891. •

Cottbau, Peron, and Gauthier.—Echinides Fossiles de L*Algdrie. Fasc. 10. 8® Paris,

1891.

Eissler, il/.—The Metallurgy of Silver. A practical treatise on the amalgamation,

roasting, etc., of silver ores, including the assaying, melting, and refining

of silver bullion. 8^ London, 1891.

Frankland, Ed.9 and Japp, F, R,—Inorganic Chemistry. 8® London, 1884.

HdHNEL, L. R,p Rosiwal, i4., Toula, F*., und Suess, E,—BeitrSge zur Geologjs*

chen Kenntniss desl Qstlichdh Afrika. 4^ Wien,t89i«

The Authors.

John, Robinson,^OnT Trees; a popular account of the trees in the Streets and Gardens
of Salem, Essex^ County Mass. 8® Salem, 1891.

The Essex Institute.

Juptner, Baron Hanns.^Txmi Pratique de Chimie M^tallurgique. JB® Paris, iSgit.

7
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TitUs of Books. Donors.

Klipstein, Dr, A, v,, and Kaup, Dr, J, y,—Beschreibun^ und Abbildungiien von dem in

Rheinhessen aufgefundenen Colossalen Schedel des Dinotheru Gigantei

mit geognostischcn Mittheilungen uber die knochenfuhrenden Bildun-

gen des mittelrheinischen Tertiarbeckens ; and Atlas. 4^ P. and Fol»

Darmstadt, 1836 and 1843. Oldham, Esa.

Medlicott, H, R.—The Evolution of Mind in Man. 8^ P., London, i89i«

. The Author.

Mendelieff, The Principles of Chemistry. Vols. 1 and II. 8" London, i8gi.

Murray, y,—Hand-book for travellers in Devonshire. 8® London, 1892.

Murray, y, A. H,—New English Dictionary on historical principles. Part VI, Clo -

Consignor. 4** Oxford, 1891.

Pal6ontologie Fran9aise, 1'® s^ri, Animaux Invertebr^s. Terrain Tertiaires, ^)oce^e

Echinides, Livr. 24-25 ; and Terrain Jurrassique, Gastropodes, Li\r.

90. 8^ Paris, 1891-1892

Phillips, H, y.—Engineering Chemistry. 8® London, 1891.

Phillips, y. A ,—Elements of Metallurgy. A practical treatise on the art of extracting

metals from their ores. 3rd edition. 8° London, 1891.

Kemsen, Ira,—Elements of Chemistry. 8® London, 1891.

Stoliczka, Scientific Results of the Second Yarkand Mission. A\cs. And
Introductory Note and Preliminary Map of Eastern Turkestan. 4® I-.on-

don^ 1891. Revenue and Agricultural Department.

Tagore, iSownnifra Afo/tun.-^Mani-Mdld ; or a treatise on Gems. Parts 1 and IL 8®

Calcutta, 1879 and 1881. The Author.
Thorpe, T, E,—Manual of Inorganic Chemistry. Vols. I and II. 8® London and

Glasgow, 1891.

Tryon, Geo, W, y,—Manual of Conchology. Vol. XII, part 50 j and 2nd series, Vol.

VI, part 26. 8® Philadelphia, 1892.

Zeiller, R,—Sur la Valeur du Genre Trizygia. S'* Paris, 1891. The Author.

PERIODICALS, SERIALS, etc.

American Journal of Science. Vol XLII, No. 252 to Vol. XLIII, No. 255. 8® New
Haven, 1891-1892. The Editors.

American Naturalist. Vol. XXV, No. 299. 8® Philadelphia, 1891.

Annalen dcr Physik und Chemie. Neue Folge, Band XLI V, heft 4; and XLV, heft 1-2.

8® Leipzig, 1891-1892.

Annales des Sciences Naturelles. 7“® s^ri^ Botanique, Tome XIV, Nos.*3-6. 8® Paris,

1891-1892.

Annals and Magazifie of Natural History. 6th series, Vol. IX, No$, 49^51. 8® LondoUf

1892.

Athenaeum* Nos. 3346-3359* 4* Londd6, 1891-1892.

Beiblfttter au den Annalen der Physik und Chemie. Band XV, Nos. 3 and 11-12 ; and
XVI^ No. I* 8® Leipzig, 1892.



PART 2.] Additiom to the Library

^

Titles 'of Bogks. Donors,

Chemical News. Vol. LXIV, No. 1672, to Vol. LXV, No. 1685. 4® London, 1891-

1892.

Colliery Guardian. Vol. LXII, No. 1615, to Vol. LXIII, No. 1628. F0I., London,

1891*1892.

Geological Magazine. New seres, Decade III, Vol. VIIl, No. 12, and IX, No. i. 8°

London, 18^1-1892. *

Indian Engineering. Vol. X, No. 25, and XI, Nos. 1*13. Fisc., Calcutta, 1891-1892.

Pat. Doyle.

Iron. Vol. XXXVIII, No. 987, to Vol. XXXIX, No. 1000. Fol., London, 1891-1892.

Mining Journal. Vol. LX, Nos. 2884-2885, and LXI, No. 2937, to LXIl, No, 2950.

Fol., London, 1891-1892.

Nature. Vol. XLV, Nos. 1154-1167. 4® London, i89i-i892.

Neues Jahrbuch fur Mineralogie, Gcologie und Palaeontologie.—Bcilagc. Band VI I, heft

4; and Jahrgang, 1892, Band 1, heft i. 8® Stuttgart, 1891-1892.

Petermann’s Geographischcr Mittheilungen. Band XXXVII, No. 12, and XXXVIII,
Nos. 1-2. 4*^ Gotha, 1891. The Editor.

Scientific American, Vol. LXVI, Nos. 1-9. Fol. New York, 1892.

„ Supplement, Vol. XXXIIl, Nos. 835 to 843. Fol., New York, 1892,

The Indian Engineer. Vol. XII, Nos. 245 and 247-259. Fisc., Calcutta, 1891-1892.

• • J. MacIntyre.

GOVERNMENT SELECTIONS, REPORTS, etc.

Assam.—Administration Report of the Province of Assam for 1890-1891. Fisc., Shillong,

1891. Chief Commissioner, Assam.

Bengal.—Administration Report of Bengal for 1890-1891. Fisc., Calcutta, 1891.

* Bengal Government.

„ Report on the system of agriculture and agricultural statistics of the Dacca

District. FUc., Calcutta, 1889.

Bombay.—Administration Report of the Bombay Presidency for 1890-1891. Fisc.

Bombay, 1891. Bombay Government.

„ Selections from the Records of the Bombay Government. New series. Nos.

250-52. Fisc., Bombay, 1891. Bombay Government.

Burma—Administration Report of Burma for 1890-1891. Else., Rangoon, 1891.

Chief Commissioner, Burma.

Central Provinces.—'Administration Report of the Central Provinces for 1890-1891.

Fisc., Nagpore, 1891.

Chied Commissioner, Central Provinces.

Hyderabad—Administration Report of the Hyderabad Assigned Districts for 1890-

1891, Fisc., Hyderabad, 1891. Resident, Hyderabad.

India.—Administration Report on Railways in India for 1890-1891. Part 11. Fisc,,

Calcutta, 1892. Government of India,

„ Memoir on the Indian Surveys, i875«i89o. By Charies D. Black, 8^

London, 1891. RsveiIue and Agricultural Department.

9
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Titles of Books. ^
Donot

India.—-List of Officers in the Survey Departments and in the offices of the Meteorologic

Reporter to the Government of India ; Trustees, Indian Meseum ; R
porter on Economic Products; Director, Botanical Department, Northei

India; and General Superintendent, Horse-Breeding Department

corrected to ist January 1892. S'* Calcutta, 1892.

Government of Indi

„ Monthly Weather Review for May to July iSqi. 4.'’ Calcutta, 1892.

Meteorolooicai. Reporter to Government of Indi

„ Register of original observations in 1891, reduced and corrected. May to Ju

1891. Fisc., Calcutta, 1892.

Meteorological Reporter to Government of Indi

„ Quarterly Indian Army List. New series. No. 10. 8® Calcutta, 1892.

Government op Indi

Madras.—Administration Report of the Forest Department (Southern and Northei

Circles), Madras Presidency, for 1890-1891. Fisc., Madras, 1891.

Madras Governmen

„ Administration Report of the Madras Presidency for 1S90-1891. Fisc., Ma
ras, 1891. Madras Governmen

„ Madras Meridian Circle Observations, 1871—1873. 4* Madras, 1892.

Madras Governmen

Punjab.—Administra'tibn Report of the Punjab and its dependencies for 1890-1891. FIs

T ahnr» Tftna PTrw.iAR rinvRRWMRK

TRANSACTIONS, PROCEEDINGS, btc„ OF SOCIETIES, SURVEYS, sxc.

Adelaide.—Transactions of the Royal Society of South Australia. Vol. XIV, part 1 .

8° Adelaide, 1891. The Society.

Baltimore.—American Chemical Journal. Vol. XIII, Nos. 2—6. 8® Baltimore, 1891.

Johns Hopkins University.

„ American Journal of Mathematics. Vol. XIII, Nos. 3—^4. 4® Baltimore,

1891. Johns Hopkins University.

„ American Journal of Philology. Vol. XI, No. 4, and XII, No. i. 8^

Baltimore, 1891. Johns Hopkins University.

„ Johns Hopkins University Circulars. Vol. XI, Nos. 92—95, 4® Balti-

more, 1891-1892. Johns Hopkins University.

„ Johns Hopkins University Studies in Historical and Political Science.

9th s^es, Nos. I—VIIL 8® Baltimore, 1891.

Johns Hopkins University.

p Studies from Biological Laboratory. Vol. V, No, 1. 8® Baltimore, 1891,

Joans Hopkins University.

8ASEL.«>^VerhandIungeiider Naturforsclienden GeseHschaft. Band IX, heft a. 8® Basd,

1891,
' The Society,

BitAVia^Bes^hrfjving dsr Oudheden Nabij de Grens der Residenties Soerakarta en

Djogdjakarta* Door J. W. Ijaerman, with Atlas. 4^ Rnd fol., Batovia,
* tRAt. • RAnPAVTAM*



part 2.] * Additions to the Library.

Titles qf Books. Donors.

Batavia.—Nederlandsch—Indisch Plakaat boek, 1602-1811. Door J A. Van der Chijs.

Deel IX. 8^ Batavia, 1891. Batavian SociBTy.

„ Notulen van het Bataviaasch Genootschap van Kunsten en Wetenschappen.
Deel XXIX, afl. 3. 8® Batavia, 1891. Batavian Society,

„ Tijdschrift voor indische Taal-Land-en Volkenkunde. Deel XXXV, afl. i.

8® Batavia, 1891, • Batavian Society.

Berlin,—Abhandlungen der Kdniglichen Akademie der Wissenschaften zu Berlin, 1890,

4" Berlin, 1891. The Academy.

„ Sitzungsberichte der Konig Preussischen Akad. der Wissenschaften. Nos. 1

to XL. 8® Berlin, 1891. The Academy.

„ Zeitschrift der Deutschen Geologischen Gcsellschaft. Band XLIII, heft 3.

8® Berlin, 1891. German Geological Society.

Bombay.—Journal of the Bombay Nat. Hist. Society. Vol. VI, No. 3. 8® Bombay, 1891.

The Society.

Boston.—Proceedings of the Boston Society of Natural History. Vol. XXV, part 2.

8® Boston, 1891. The Society.

Brussel&—Annuaire de TAcad^mie Royale des Sciences. Ann4e LVI-LVII. 8®

Bruxelles, 1890-1891. Royal Academy op Science, Belgium.

„ Bulletins del’Academic Royale des Sciences. 3™® s^rie, Tome XVIII-XXI.
8® Bruxelles, 1889-1891. Royal Academy op Science, Belgium.

„ Bulletin de la Soci6td Royale Beige de Gdogra^le. Annde XV, No. 4.
8® Bruxelles, 1891. The Society.

„ Memoires couronnds et autres mdmoires publids par I’Acaddmie Royale des
Sciences. Tome XLIII-XLV. 8® Bruxelles, 1889 and 1891.

Royal Academy op Science, Belgium.

„ Mdmoires couronnds et mdmoires des savants dtrangers publics par I’Aca-

ddmie Royale des Sciences. Tome L-LI. 4® Bruxelles, 1889-1890.

Royal Academy of Science, Belgium.

Budapest.—Erlauterungen zur Geologischen specialkarte der Lander der Ung. Krone.

Blatt (i

:

75,000). 8® Budapest, 1890.

Hungarian Geological Institute*

„ Foldtani Kozfdny. Kotet XX., fuzet 4-12, and XXL, fuzet 1-3. 8® Budapest,.

1890. Hungarian Geological Institute.

„ Jahresbericht der Kgl. Ung. Geologischen Anstalt; fur 1889. 8® Budapest,

1890. Hungarian Geological Institute.

„ Mittheilungen aus dem Jahrbuche der k5n. Ungarischen Geologischen

Anstalt Band IX, heft 2-4. 8® Budapest, 1891.

Hungarian Geological Institute.

„ Termdszetrajzi Fuzetek. Vol. XIV, Nos. 3-4. 8® Budapest, 1891.

The Hungarian*National Museum.
Caen.—

B

ulletin de la Socidtd Linndenne de Normandie. 4"*® Sdrie, Vol. IV, fasc. 4,
8® Caen, 1891, The ^ciety.

Calcutta.—

A

nnals of the Royal Botanic Gardens, Calcutta. Vol. III. 4® Calcutta, iSgi.

Royal Botanic Gardens,

», Indian Museum Notes. Vol. II.Nos. 1-5. 8® Calcutta 1892. The Museum.
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Titles of Books,
^

Donors.

Calcutta,—Journal of the Agricultural and Horticultural Society of India.' New series,

Vol- IX, part I. 8® Calcutta, 1891. The Society.

„ Journal of the Asiatic Society of Bengal. Vol. LX, part II, Nos. 3-4. 8®

Calcutta, 1891-1892. The Society*

„ Proceedings of the Asiatic Society of Bengal. No. 10(1891), and No. i

(1892). 8® Calcutta, 1892. Th6 Society.

„ Records of the Geological Survey of India. Vol. XXIV, part 4, and XV,
part 1. 8® Calcutta, 1891-1892. Geological Survey of Ihdia.

„ Survey of India Department Notes for November 1891 to February 1892.

Fisc., Calcutta, 1891-1892. Survey of India Department.

Cambridge.—Proceedings of the Cambridge Philosophical Society. Vol. VII, part 5.

8® Cambridge, 1892. The Society.

„ Transactions of the Cambridge Philosophical Society. Vol. XV, part 2.

4° Cambridge, 1891. The Society.

„ Catalogue of the Type P'ossils in the Woodwardian Museum, Cambridge.

8® Cambridge, 1891. The Museum.

Cambridge, Mass,—Annual Report of the Curator of the Museum of Comparative

Zoology for 1890-1891. 8® Cambridge, Mass., 1891. The Museum.

„ „ .—Bulletin of the Museum of Comparative Zoology. Vol. XXI L,
Nos. 1-4. 8® Cambridge, Mass., 1891-1892. The Museum.

Cassel.—Bericht des Vereins fur Naturkunde zu Kassel. Nos 36-37. 8® Kassel, 1891.

The Society.

Cincinnati.—Journal of the Cincinnati Society of Natural History. Vol. XIV, Nos. 1-2.

8® Cincinnati, 1891. The Society.

Copenhagen.—M6moires de TAcademic Royale de Copenhague. 6th series, Vol. V.

No. 4, and VII, Nos. 3-4. 4® Copenhague, 1891. The Academy.

„ Oversight over det Kongelinge Danske Vindenskabernes Selskabs. No.

2. 8® Kobenhavn, 1891. Th;^ Academy.

Oehra Dun.—Synopsis of the results of the operations of the Great Trigonometrical

Survey of India. Vols. XXIII and XXIV. 4® Dehra Dun, 1891.

Great Trigonometrical Survey of India.

Edinburgh.—Scottish Geographical Magazine. Index to Vol. VII of 1891 ; and Vol.

VIII, Nos. 1—3 (1892). 8® Edinburgh, 1891-1892.

Scottish Geographical Society.

Glasgow.—Proceedings of the Philosophical Society of Glasgow. Vol. XXII. 8®

Glasgow, 1892. The Society.

La Plata.—Annales del Museo de la Plata. Paleontologia Argentina, No. i. Fob, La
Plata, 1891. The Museum.

Lli^s^Annaies delaSoci6td Gdoiogique de Belgique. Tome XVIII, livr. 2, and XIX,
livx^ I. 6® U^ge, 1891-1892. The Society.

t4VElMPOOL.-<-Pr<)^ of the Liverpool Geological Society. Vol. VI, part 3. 8® Liver-

pool, I Bqx* The Society.

of the Chemical Society. ^ Nos. 350-351. 8^ London, 1892.
' F. R. Mallet, Eeg

of'flip lirqn and Steel In^tute. No. i. 8® London, 1891.
'

' > ,

The Institute,



PART 2.] Additions to the Library.

Titles of Books. Donors.

London.—journal of the Society of Arts. Vol. XL, Nos. 2037

—

205 8® London,

1891-1892. The Society.

M Mineral Statistics of the United Kingdom of Great Britain and Ireland with

the Isle of Man, 1890. Fisc., London, 1891.

Secretary of State.

„ Proceedings of the Royal Geographical Society. New series. Vol. XIII, Nos.

10—

12. 8® London, 1891. * The Society,

„ Quarterly Journal of the Geological Society. Vol XLVIII, No. 189. 8®

London, 1892. • The Society.

Madras.—Archaeological Survey of India. South Indian Inscriptions. Vol. II, part i.

4** Madras, 1891. Government of India.

Madrid.—Boletin de la Sociedad Geografica de Madrid. Tome XXXI, Nos. 4

—

6. 8°

Madrid, 1891. The Society.

„ Memorias de la Real Academia de Ciencias. Tome XV. Fisc., Madrid,

1891. * The Academy.

Manchester.—Transactions of the Manchester Geological Society. Vol. XXI, parts

11

—

13. 8° Manchester, 1891-1892. The Society.

Melbourne.—Reports and Statistics of the Mining Department, Victoria, for the quarter

ending 30th September 1891. Fisc., Melbourne, 1891.

Mining Department, Victoria.

„ Transactions of the Royal Society of Victoria, Vt>l. II, part i, and III.

part I. 4® Melbourne, 1891. The Society,

Milano.—Atti della Societa I taliana di Scienze Natural!. Vol. XXXIII, Fisc. 1-2. 8®

Milano, 1890-1891. The Society.

Montreal.—Geological and Natural History Survey of Canada. Contributions to Cana-

dian Micro-Palaeontology. Part III. 8® Montreal, 1891.

Geological and Natural History Survey, Canada.

Moscow.—Bulletin de la Socidt^ Impdriale des Naturalistes. Nos. 2-3. 8® Moscow,
* 1892. The Society.

Munich.—Neuc Annalen der K. Sternwarte in Bogenhausen bei Munchen. Band II.

4® Muncheni 1891. Royal Bavarian Academy.

Naples.—Rendiconti della Accademia delle Scienze Fisiche e Matematiche. Serie 2, Vol.

V, fasc. 1—12. 4? Napoli, 1892. The Academy.
• Newcastle-upon-Tyne.— Transactions of the North of England Institute of Mining

and Mechanical Engineers. Vol. XXXVIII, part 6, and XL, parts 2-3.

And Annual Report of the Council; Accounts; List of Council, Officers,

' and Members for the year 1891-1892; and the Charter and Bye-Laws;
together with the Bye-Laws of the Federated Institution of Mining
Engineers. 8® Newcastle-upon-Tyne, 1891. The Institute.

New York.—Annals of the New York Academy of Sciences. Vok V, extra Nos. 1—3.
8® New York, 1891. The Academy.

M Transactions of the New York Academy of Sciences, Vol, X, Nos. 2—6.
8® New York, 1891, The Academy.

Paris.—‘Annales des Mines. 8“** sdrie. Tome XX, livr. 4. 8® Paris, 1891,

Department of Mine$i Paris.

*3
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TitUs of Books, Donors.

Paris.—Annuaire G^ologique Universel Revue de Gdologie et Paleontologies Tome VII,

fasc. 2-3 (1890). 8° Paris, 1892. The Editor.

„ Bulletin de la Socidte de Geographie. 7“* sdrie, Tome XII, No. 3, 8® Paris,

1891. The Society.

„ Compte Rendu des Sdances |de la Society de Geographie. Nos. 18—20 (1891},

and Nos. 1—4 (1892). 8° Paris, 1891-1892. The Society.

,,
Bulletin de la Soci6te G'^eologique de France. 3“* sdrie. Tome XIX, No. 7.

8® Paris, 1891. The Society.

„ Niemoires de la Society Gedogique de France. Tome I, fasc. 4, and II, fasc.

1-2. 4® Paris, 1891.

Ph^ladelphia.-

The Society.

6(1891) and 133,

The Institute.

Part II. 8® Phila-

The Academy.

C:

-Journal of the Franklin Institute. Vol. 132, No.

Nos. 1-2. (1892). 8® Philadelphia, 1891-1892.

„ Proceedings of the Academy of Natural Sciences,

delphia, 1891.
^

„ Proceedings of the American Philosophical Society. Vol. XXIX,
No. 135. 8® Philadelphia, 1891. The Society.

Pisa. Atti della Societa Toscana di Scienze Natural! Process! Verbali. Vol. VII,

pages 235—^345. 8® Pisa, 1891. The Society.

Roma.— Atti della Reale Acacemia dei Lincei.

—

S6rie IV, Rendiconti, Vol. VII, Semesire II, fasc. 9-12 (1891).

„ V, c
. „ „ I, „ I, fasc. 1-2 (1892). 8® Roma,

1891-1892. The Academy.

Salem, Mass.—Bulletin of the Essex Institute. Vol. XXI II, Nos. 7-12. 8® Salem,

Mass., 1891. The Institute.

„ Proceedings of the American Association for the Advancement of Science.

Vol. XXXIX. 8® Salem, Mass., 1891. The Association.

S. Paulo.—Boletim da Commissdo Geographica E. Geologica do Estado de S. Paulo

Nos. 4-7. 8® S. Paulo, 1890. The Commission.

Springfield.—Geological Survey of Illinois. Vol. VIII. 8® Springfield, 1690.

* The Survey.

St. Petersburg.—Bulletins du Comit6 G^ologique. Vol. IX, Nos. 9-10; X, Nos.

1-5; and Supplement to Vol. X. 8® St. Petersburg, 1892,

The Commission.

„ M^moires du Comit6 Geologique. Vol. XI, No. 3. 4® St, Peters-

burg, 1892. The Commission.

Sydney.—Annual report of the Trustees of the Australian Museum for the year 1890.

Fisc. Sydney, 1891. The Museum.

„ Records of the Australian Museum. Vol. I, No. 10. 8® Sydney, 1891.

The Museum.

Memoirs^ the Geologicid Survey of New South Wales. No. 8. 4® Sydney,

1891. Department op Mines, New South Wales.

^ > Proceedtings of the Linncaiv Society of New South Wales, 2nd series,

Vol. VI, part 2. 8® Sydney, 1891. The Society*

IL Accademtadelle Scienze dt Torino* Vol, XXVI, disp. 14*15

f

|tnd X9CVft 8® Torino, i89Z»i892. The Academy*



PART 2.] Additions to the Library.

Titles of Books. Donors.

Turin.—Memorie della Reale Accademia delle Science di Torino. Tome XLI. 4°

Torino, 1891. The Academy.

Vienna.—Denkschriften der Kais. Akademie der Wissenschaften* Band LVII. 4*

Wien« 1890. The Academy.

„ Sitzun^s berichte der Kais. Akad. der Wissenschaften.

Band XCIX, Abth. Ill, heft. 4-7.

„ XCIX, Abth. I, heft. 4-10.

„ XCIX, Abth. II^i, heft. 4-10*

„ XCIX, Abth. II^, heft. 4-10. 8° Wien, 1890.
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Note on the Locality of Indian Tscheffkinite, by F. R. Mallet, late

Superintendent^ Geological Survey of India.

The rare and interesting mineral, from Southern India, subsequently identified

as tscheffkinite, was obtained by M. Leschenault de la Tour in 1817 or 1818, during

his travels for the Musdum d’histoire naturelle at Paris. Occupied mainly in botan-

ical and zoological pursuits, M. Leschenault appears to have been able to give

but a secondary place to geology and mineralogy, and some, at least, of the

minerals he obtained were identified, not by himself in the field, but by otliers iil

the laboratory many years later. Amongst these were the tscheffkinite specimens,

the nature of which, indeed, ?ould not have been ascertained without analysis, as the
mineral was, previous to* the examination of Leschenault's specimens, entirely

unknown. Its outward appearance is not strikingly suggestive of any peculiar

interest, and hence, perhaps, the fact that in the account of his journey^ there is no
allusion of any kind to the substance in question, and, consequently, no direct

•indication of the locality where it was found. But it seems at least equally, if not

more, likely that this omission is due to M. Leschenault having not obtained the

specimens himself in silUf but been given them by M. Healt (sic)^^ concerning

whom he writes®— My mineralogical collection has been principally enriched by

the gifts of M. Healt, adjunct and brother-in-law of M. Carpenter, commercial

1 Relation d’un voyage k Karikal et A Salem ;
Mimoires du MusSum tPkistoiu funurelie^

t. VI (i8ao), p. 349.
• Is this the Mr. Heath who, some years later, was connected with the Porto Novo trcm

works, and who has left an account of the Salem ores which were smelted there ? ,

» Op. «V., p. 344. •

B
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resident ” (at Salem)* “ He collects everything of mineralogical interest that is

obtainable in the country, and he has had the goodness to give me many specimens

of corundum, the ore of native iron.i garnets/’ etc.

The substance was first analysed by Langier in 1825, who calls it merely

un mineral noir de la cdte de Coromandel.”^ This extremely vague, and, as it

now appears, incorrect, locality has since then been assigned to it by mineralogical

authors generally. The rarity of the mineral, which seems to have been found in

only three places,—Southern In'dia, the Urals, and Virginia—in none of which more

than a few specimens have been obtained, makes it desirable that the spot in India

where it occurs should be accurat;ply known ; the more so as very few indeed oi

Leschenault’s specimens of it are now forthcoming, I have been lately informed by

M. A. Lacroix that none are to be found in any of the public collections of Paris,

There is, however, a small piece in the British Museum at South Kensington, with a
written label underneath it, which I copied some years ago, and which runs as

follows :
—“ Min&al brun de Coromandel (Beudant, p. 652).—Fragment du morceau

rappoit^ par Leschenault et analyst par Langier, Loc., Kantamala, Cdte de Coro-

mandel, parait fitre une vraie Tscheffkinite d’aprhs la nouvelle analyse encore in-

achevde de M. Damour (Juillet, 1861).”* When writing Part IV of the Manual of

the Geology of India, in Calcutta, I was unable to trace the p*osition of Kantamala,

I had not access then to Leschenault’s original memoir, which now lies before me,

It does not contain very much geological information, and, as previously reftiarked

does not allude to anything resembling tscheffkinite. But on page 344 there is the

following passage At about two leagues ^ to the south-south-west of Salem, in

the mountain of Kaniiamald, there is a sandy iron-ore that is collected in the ravines.

It is very rich. The iron that is smelted from it produces an excellent steel."®

I do not think anyone conversant with tlie latitude that obtains in the spelling of

Indian names, and specially in those of Southern India, will feel much doubt that

‘Kantamala' of the British Museum label, and ‘ Kantiamald / are the ^me. It

is true that * Kantiamald ’ is not on the Coromandel coast, but in the Salem

district. But exactly the same mistake was made by Count de Bournon in relation

to Leschen^ult’s specimens of indianite, which he described as from Sklem “ on the

coast of Coromandel."® Nor is the mistake confined to indianite, for M. Lacroix

notices that “the rocJ;s and minerals included in, de Bournon's collection are

labelled as coming from Salem * on the Coromandel coast,' although Salem is

over 100 miles from the sea."*^ Whether the enor originated with him, or was

merely a<;cepted by him on the authority of some one else, is not clear; but it is

> That is to say« the ore used in the native smelting furnaces.

* Mim. du Musium cPAisL na^.,;t. XII, (1825), p. 189.

* Thp lal>el ison a forpi with the nme of M* Saemann printed at the top. The specimen

jtherelpre, appears jto have cpme frpm his coU^ion, and, presumably, was in that of M. Cordier

s^li irlier^.-^S^ foo^^

^ Say about i ngles j
'

* ,

*

1 old French posting4eagiie — 2*48 Eng* «*les.

I „ league of 2$to 1 degree ^ a'76 Eng. miles.

'
,

* There l«Si|ows a short tmtlme of the %adve method of steel-tietaking, but, as it does not

0kf itm that glveni \n much more detail by other writers, it is not worth quoting here.

qnt^quetuns dies mindraux, soft de lie de Ceylan, soit de la Cdte

df ia P'tdnfeiie de t. XII, p. 282;
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not likely to have been made by L^schenault himself^ who was familiar with the

district.^ •

It only remains, then, to identify the * mountain of Kantiamal^/ I have carefully

examined sheets 61 and 79 of the Indian Atlas (i inch =: 4 miles), and the

Revenue Survey map of Salem taluq (1 inch = i mile), within a radius of 8 or

10 miles round Salem, without finding the name in question, the only names at all

like it are, Keddamalai hill (spelt Keddmally on atlas sheet), 10 miles south-east

from Salem, and Kanjamalai hill (Kunjamullay *of atlas sheet), the culminating

peak of which (3,238 feet) is 7 miles, and the eastern end of the principal

ridge 5 miles, west-south-west from Salem.* Kanjamalai hill^ is composed of

metamorphic rocks, which form a great synclinal and include three splendid

beds of magnetic iron-ore, the ore has been worked by the natives from time

immemorial, a portion of the iron produced being converted into wootz steel. This

is, 1 think beyond all reasonable doubt, the mountain containing rich iron-ore

referred to by M. Leschenault. The terminations maU and malat (meaning

mouniatn) are evidently the same, and in the rest of the words (Kantia and Kanjaj

there is a difference of but one important letter—a difference which may easily

have arisen from M- Leschenault having failed to catch the correct pronunciation,

or through some clerical error.* There is also a difference in bearing, KantiamaM,

being described as about 5 miles south-south-west from Salem, while Kanjamalai

is the same distance west-south-west. I do not think this is of much importance,

however, considering how frequently errors in bearing cree^ in/

There are some small unnamed hills marked on the maps in the exact position

mentioned by Leschenault, and it might be surmised that one of these is Kantiamal6e,

But, besides the fact that he speaks of a mountain^ if there were important deposits

of iron-ore in the two adjacent positions, it is unlikely that Leschenault would have

ignored the celebrated ones of Kanjamalai, and highly improbable that Messrs.

King and Foote would have ignored those at KantiamaM.

Kanjamalai hill being within 5 miles of Mr. Healths residence, was doubtless

very thoroughly explored by him, and it seems most probable that he found the

tscheffkinite there, and gave specimens of it to M. Leschenault, who may have

derived his information about the hill from the same source.

If the above conclusion as to the spot where such an interesting mineral occurs

be accepted, it is to be hoped that an attempt will be made to re-discover it, and

learn something as to its mode of occurrence.

It may perhaps be worth remark here that Langier's analysis, which, as it

^ Leschenault’s collection was in the Mus4um d^bistoire naturelle at the time Langler's

analysis was made, but one or more specimen-^ of tschnffhinite ,seem to have been also in the

possession of U, Cordier (ProfessQr of QeolQgy in the ^useum, Langier was Chemist),

.from ^hpm tfiey passed to M. Saeijoann, who i^ave Damour the piece analysed by him. It

aeems probable that some, at least, of the tscheffkinite passed through de Bpumon’s hands at

the time he examined LeschenaolPs specimens of indianite, corundum, etc.

* A detailed description of which is given by Messrs. King and Foote in the .Memoirs of

the Survey, vol. iv, p. 379.
" •

* An analogous case, where “ I has been supplanted by “ S,” mijght be adduced in the error

py which^ during 40 years, the f^-called mineral Jyepoorite figured as Syepoorite {vide vol. xiv»

p. 192). •
,

* e. g., Ganypittah is described by Dr. Hegne as west of Ongolen instead of south-wesl,

(voi. xii, p. idS).

BZ
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appears in mineralogical text-books, is copied from Beudant’s TraiU de Mtniralogie,

2nd edition (1832), is incorrectly given in that work. It stands in the original

memoir' as follows :

—

Oxide of cerium • • e • 36*5

Oxide of iron . 19*8

SlllCSL a • . • . 19

Lime ...**•
^
• . 8

Alumina . . ^ . 6

Water • • • . iros

Oxide of manganese ^ • . 1*20

Oxide of titanium . . 8

109*38 {sic)

The excess, M. Langier adds, is due to the cerium and iron having been

weighed *as peroxideSi while they exist in the mineral as protoxides. Their per-

centages should therefore be diminished to 3i’i and 15*4 respectively, the total

being thus reduced to 99*25 {sic).

Comparatively recently tscheffkinite has been found in Nelson Co., Virginia, and

analysed by R. C. Price.* In discussing the results he says :
—“ When considering

the cerium earths as protoxides, tscheifkinite was classified by Dana as a subsilicate

with titanic oxide basic;;, the oxygen ratio for SiOg : Ti02 : R^O^ : RO = 5 : 4 : 2 : 4.

With these earths and sesquioxides, the above must be rejected ; and in order to

consider the published analyses of tscheffkinite (1) and (4), I have assumed the

cerium earths to exist in the same proportions as have been found in the present

specimen,^ which affords oxygen ratios for them as follows :

—

SiO, TiO, R.Oa RO
** (1) Ilmen e • . 77 55 44 25

(4) Coromandel • e a 77 64 44 24
Nelson Co. e e • 78 63 40 ^ 28

** From the inspection of these figures it appears highly probable that the titanic

oxide should be regarded as replacing silica. The composition of the Nelson Co.

mineral approximates to

—

“ 2 (Ca, Be, Fe, Mg) O, (Ce, Di, La, Fe). O3. 5 (Si, Ti)0 ,

and the formula of each of the above will fairly correspond to a bisilicate of the

amphibole group, with silicon replaced by titanium.*'

Another analysis of Virginia tscheffkinite (from Bedford Co.) has been made by

L. G. Bakins/ who remarks that the molecular ratios seem to lead to no definite

or satisfactory formfila—ft result quite in accordance with the evidence furnished by

tho microscopical examination of sections." Microscopic examination showed the
' - - '

'
. * pp* p. t94*

V Jf

;
tbat indymittin and lahmanum were present, together with |the cerium,

Syshmi of MIseraSogy, p. 388}.

V0I. xlii (1^
^
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transparent, amo]j)hous, apparently original, material to have partially decomposed

into an dpaque ochreous matter, besides which there were bands of various

secondary minerals visible. A sample of Price’s tscheffkinite showed an almost

identical structure under the microscope. Mr. Eakins therefore concludes that

tscheffkinite is not a true mineral, but only a mixture. A somewhat similar opinion

seems to have been held by Des Cloizeaux about the Indian tscheffkinite, in respect

to which he writes^—“ The material is not perfectly homogeneous, for I have observed

with the microscope that it*is composed of a brown mass, without any action on polar-

ised light, in which are included very small, colourless, strongly birefringent grains.”

Geological Sketch of the country north of Bhamo, by C. L. Gr;.ESBACH,

C. I* E., Superintendent^ Geological Survey of India.

East and north-cast of Bhamo a series of hill ranges, all more or less parallel to

each other, forms a compact mountain system, which has been traced to far north of

the Maikha branch of the Irrawaddi by Major Hobday and
ogy-

others, and which in some way, not known to us exactly,

is most probably linked to the north-eastern extension of the Himalayan system. It

forms the natural frontier between Burma and China, but not the watershed between

the former country and Yunnan, which has not been explored yet. This system of

ranges rises to considerable heights (8,000 to 9,000 feet) and possesses an average

direction of strike from south to north and north-east, a direction which coincides as

I l»ve ascertained with the general direction of [thej strike of the strata forming

these ranges.

The mountain system is crossed by several transverse valleys ; as, for instance,

the Maikh^ branch of the Irrawaddi, the Taiping, etc.

As far as it was possible to discover during the very rapid traverses made -by

Dr. Noetling and myself,, it appears that the entire area north of Bhamo is formed

by a succession of flexui^s of older rocks, all striking more or less north and south

and north-east to south-west, which flexures have been extensively eroded by the

Upper Irrawaddi drainage.

Several larger synclinal troughs, or rather areas of depression, have been formed

when the beds composing the country north of Bhamo were compressed into folds

;

such, for instance, is probably the area of the Indawgyi lake basin and also the

broad valley of the Irrawaddi between Hokat and Watu.

The principal formations found in the Northern Bhamo district are the following

1. Metamorphic, including piDbably the palaeozoic group.

2. Mesozoic strata.

3. Tertiary beds* ,

4* Igneous rocks.

It has been ascertained that by far the greatest part of the ground explored by

^ Manuel dc Mif»4raIogie, t i, p. 354.
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Palsozoics.

Mesozoic strata.

US during the last field season is formed of crystalline' (metaraorphic) rocks; amongst

which a coai'se, porphyritic gneisS is very characteristic in
Metamorphic roc s.

eastern part of the ai'ea reported on, and it was also met

with by Dr. Noetling in the Mogaung area.

Besides the gneissic rooks, there are alsn schistose rocks, phyllites and horn-

blendic rocks.

The whole group of metamorphic rocks has evidently undergone most extensive

folding and crumpling, with subsequent erosion
;
but it' is now so extensively ob-

scured by sub-recent deposits and vast forests, that it will, for a long time to come, be

next to impossible to arrive at any closer knowledge of the sequence of the series.

But it appears probable that certain more or less crystalline rocks, chiefly lime-

stones, which occur in the midst of the metamorphic flexures,

and seemingly conformably to the latter, belong to the

palaeozoic groups and are possibly Silurian, though actual proofs are wanting.

The only trace of mesozoic rocks consists in a pebble, containing an ammonite
found by Dr. Noetling near the amber-mines. It is prob-

ably cretaceous and may have been derived from a ter-

tiar)’ conglomerate within the amber-mines formation.

Patches of sandstone, mostly highly disturbed, occur here and there, probably

. . forming remnants only of a once much more extensive series
ertiary ormation.

tertiary beds. Such are found in the Indawgyi lake dis-

trict, west of Mogaung,* in the Amber Mines district and in patches north of the

Confluence.”

These patches of tertiary formations may include members of several divisions

of the system, but resemble mostly the miocene sandstone series of Upper Burma,
and like the latter are characterised by the occurrence of patchy seams of poor lig-

nitic coal.

The amber-mines (on which Dr. Noetling reports in detail) are situated within

the area of tertiary deposits.

Widespread alluvial deposits, both fluvialile and lacustrine, occu^ the wide

troughs of the Irrawaddi and its minor confluents. From

cSg^clnt depwite". an economic point of view, perljaps the most important of

these deposits is the widespread fqtrmation of clays, gravels,

and sands filling the open trough through which the Irrawaddi flows between Watu

and Hokat, and which is some 20 to 24 miles in width. This trough is partly

filled by almost horizontally bedded deposits of clays and gravels chiefly, which

ate pt^^bly Of lacusMne origin, thodgh merging upwards into deposits of fluviatile

nature;

The formation is of some economic importance, as it contains a not iUconsider-

£b)0 anSbnnt Of ^id disseminated throughout it in fine dust^ to vlrhich reference is

made f»elow. * •

Parallel widi the' general strike of the lines of disturbance of the older rocks

. appear long strips of igneous rocks, which I believe have
Igneow rocks*

^

jntitided in fissures of dislocarien.

by hnmelous dykes and intrusions is the neighbouring

{md there fa. some economic interest attached toem, in as much
aa wi&bfal known id Stlniaa as bt<^*06cers' in veins within these igneous in-

trusioi!^ wluch, as for as I know, me alj of basic rocks.
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Broadly speaking, three principal lines of intrusion are found within the area

here reported on, namely

—

One, running almost due north and south along the 97® 30' longitude

to near the confluence: another forming the valley of the Irrawaddi, in the

defile between Bhamo and Sinbo, and continued northwards along its right

banks; the third belongs to the Jade Mines district.

B,—Economic Notes on the Upper Irrawaddi valley north of Bhamo.

Having briefly sketchfed the geological features of the hill ranges which bound

the Irrawaddi river valley north-east of BhaAo and form our frontier with China,

I may at once state that they are practically barren of all useful minerals. There

ate reports that lead ores occur, but I have not come across any during my
journeys in these hills; and if they ever existed, they would be practically valueless.

The only minerals remaining to be noticed are the following

The only traces of coal which occur within the area described here are found

some 10 miles west of Mogaung, as noticed by Dr. Noetling

;

but they appear to be of little, if any, value.

Occasionally sma^l quantities of coal (lignite) are brought to Myitkyina for sale.

This mineral comes from the neighbourhood of Talang, north of the Pungin Kha,

about 16 miles north-north-west of the confluence. From inquiries which I made

of natives of that country, there is a seam of this coal there some 2 to 3 feet in

thickness, which in any case would scarcely be good enough to work, and with

wages as high as they are in those parts at present, is altogether valueless.

The Kachins sell this lignite at 8 annas a basket at Myitkyina, and it need

scarcely be said that it would be cheaper to import English coal at this rate.

It was reported that coal was found between Ningrong and Kantaoyaung, some

24 miles due east of Ayainuama on the Irrawaddi, of which supposed coal speci-

mens were forwarded to me. This proved to be not coal at all, but hornblendic rock.

This metal is found in the form of fine grains and leaflets in the

* recent deposits of Irrawaddi valley and of all its tribu-

Its presence is knowntathenatives, who wash these deposits after a fashion, and

make thereby from abouU4 to 12 annas per day a man. Their mode of washing

for it is by means of wooden cradles, rarely more than 5 feet long by 2 feet wide.

The natives are fairly efficient at this work, and would no doubt easily acquire a

more modern mode of winning the precious metal, if put in the way of it. But

nowhere have I noticed that they dig deep into the recent or sub-recent deposits

for auriferous sands, although such must exist in lower depths most certainly.

They usually collect only the ihost' recent accumulatiofts' of sands and grit which

are caught on the upper reaches of sandbanks in the river. That in such situations

gold exists, and I have seen myself, ki well rounded, wg^er-worn leaflets of

minute size, proves that probably the river is even now cutting through an alluvial •

deposit which contains gold, and that the latter is re-deposited after floods on the

sandbanks and projecting spits of land along the banks. It seems highly probable

that within the thickness of the sub-recent pravels and clays of the Upper Irra-

waddi a horizon may be found in which gold is more, plentiful and which might

pay if regularly mined for on a larger scale! Even as it is, the sunace sands along
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the banks contain probably not less than 30 grains of gold per ton of dirt, which

would be good enough to pay working on a larger scale.

The only place where I saw natives digging deeper into the auriferous deposits

was about 2 miles north of Myothit^ north-east of Bhamo, where they have dug a

trench several feet deep and some 40 to 50 feet long into much decomposed

gneissic strata, which they wash for gold. The presence of gold in this rock must

be in very finely disseminated,form ; and 1 have satisfied myself that in the last-

mentioned locality there is no auriferous lode or reef, but that the gold occurs in

the gneiss itself in very minute quantities. I have not seen nor even heard of any

locality where gold occurred in reef^.

Major Hobday of the Survey of India reported the discovery by him of numerous

crystals of spinel in the recent deposits near the junction of
pine

,
ru les.

Pungin Kha and Mali Kha, norih of the confluence.

I myself have met with very minute fragments of such crystals in the sands and

recent alluvium of the Irrawaddi below Myitkyina, where the heavy iron-sand

which is^left in the cradles along with the gold flakes when washing the sands for

the latter, is often largely mixed with the fine splinters of spinel crystals. These

increase in number and size higher up the Irrawaddi ; and at* Watu I have found

large crystals of the same with millions of small fragments of the same; amongst

them splinters which appear to me to be rubies, but are too small for certain deter-

mination. It is therefore certain that somewhere higher up the river, rock must be

in situ which containsnkese minerals. The deposits near the Pungin Kha contain

these crystals in the same manner as the alluvial gravels near Watu, and I have no

doubt that they are derived from some metamorphic rock (perhaps crystalline

limestone) still further north. It is a question well worth inquiring into, but this

cannot be done until the country is much more accessible than it is now.

From the foregoing it appears, therefore, that there are widely extended alluvial

deposits in the Upper Irrawaddi valley, which are already known to contain gold,

spinel, and. possibly also rubies. By far the greater part of the area which is

formed by these alluvial deposits is practically a desert, as very few, it any, settle-

ments exist there, and thus the country may be looked upon as a particularly

favourable field of enterprise for mining purposes, if the labour difficulties could

be overcome. •

Preliminary Report on the economic resources of the Amber and Jade

mines area in Upper Burma, by Fritz Noetling, Ph.D.,

Palesonialogistf Geological Survey of India*

The amber-minas which were examined by me are situated about 5 miles to

Qj* f
south-west of the village of Maingkhwan on a low iso-

Situatien pt me miaes,
bilU-nhich r»es abruptly from the surrounding plains.

Amber.
^ lliere ib no; doubt that this hill, which has an elongated

formerly wider extended

has/ however, been considerably denuded and worn away during

diu^ of rime. Xt is therelons not improbable that amber may be
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found also at other localities in that part of the country near the Nangotiemaw
hill. I was* subsequently informed that the amber-mines proper—that is to say,

those which at present produce the amber—are situated west of, and are close to, a
village called Lalaung.

The strata in which the amber is found belong to the tertiary formation, probably

Geology
lower miocene. The exact age cannot be stated yet, as

no fossils have so far been discovered. The amber-bearing
beds consist of a soft, blue clay, which is superficially discoloured brown, the dis-

colouring being apparently due to the disintegrating action of organic acids formed
by the extremely rich vegetation

;
and it may therefore be expected that the brown

portion of clay forms only a thin covering of varying thickness on the exposed parts

of the blue clay. It might further be anticipated that the amber found in this clay,

being also under the influence of the chemical process which discoloured the clay,

would be of inferior quality to that which is extracted from the blue clay. The
experimental shafts sunk by me have proved that both these views are correct.

The clay is well stratified, and it reminds me very much of the blue, coal-

bearing clay of the Chindwin coal-fields. The strike is N.W.-S.E. with a dip of 80°

towards west. It w^s impossible to ascertain whether amber is found all through-
out this clay, but I rather doubt it. If we may judge from the extension of the

old pits, which are chiefly on the top and the western slope of the hill, the amber
is limited to the upper part of the blue clay. This view being correct, the amber
would be found in a bed of highly inclined strata forming g Jjroad band along the

western side of the Nangotiemaw hill running in N.W.-S.E. direction. The con-
tinuation of the bed to the south will strike the supposed amber-mines at Lalaung.

It may be well to keep in mind that amber is nothing but a kind of resin which

The occurrence of heen produced in exactly the same way as resin is

produced by the trees now-a-days, only that the amber-
producing trees—pine trees very probably—were extremely rich in resin, and that

the process of production went on during tertiary times. The hardened resin ac-

cumulating* in the amber-pine forest during the course of centuries w^as gradually *

washed away by the rains, and being of low specific gravity, easily floated down in

the fivers to the sea, which then covered the whole of Upper Burma, where it was
again deposited here and ftiere. The amber deposits were covered with clay, the
deposit of the sea, and this process may have been going on for a long period till

the amber-bearing strata, as they present themselves in their present thickness of

not less than 600 feet, had been formed.
It is therefore easily understood that the amber will be found in isolated pockets of

smaller or greater extension and thickness, but once one of these pockets is exhausted
the miner will have to look for another one, which may not be indicated by superficial
signs. The native style of extracting the amber, to which I shall refer presently, must
therefore be a highly speculative undertaking, as it merely depends on luck whether
the workmen will strike an amber-bearing pocket or not.

*

The amber is found in lumps of various sixes up to the size of a man's head;

The amher* its colow
either rounded or more frequently flattened, having

and value;
*

* ^ exactly the same shape as the pebbles on a beach, thus

proving that they have undergone a /jonsiderable amount of
wear and tear before they were deposited. •

•
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The colour of the amber vaities ^6m lig^ht yellow to dark browh, in all shdd^s

ahd viarious degrees of transparency, the most common coloui^ being a dkrk reddish*^

brown, which may very well be compared with the colour of dark Madeira wine.

Specimens of this kind are nearly always flawed, and contain streaks Of mimlte frag*

ihents of wood. Transparent pieces are of a more reddish colour. The colour

most valued by the natives is honey-yellow
;
larger pieces of this kind are rare. The

milky-white, cloudy coloured variety, such as is at present particularly appreciated

in Europe, does not Occur in the Burma amber.

The Burmese amber is further more distinguished by one peculiarity which would

lower its value in the European market ;
this is its fluorescence. This is the bluish

tinge which appears when looked at under a certain angle, which is sometimes so

strong that fine yellow pieces appear of an ugly greenish colour.

The amber is extracted iii the most primitive fashion. No surface indications

. .
reveal the presence of a pocket of amber

; the selection of a
Mining or am er.

where mining operations are going to be started iS

perfectly 'aiccidental. Having selected a spot, a man digs a square hole of about

IJ feet by 2 feet by means of a rude tool, which resembles the BurmeS'e taywin, that

is to say, a short chisel-shaped iron affixed to a heavy wooden club-shaped handle.

With this instrument the soft clay is loosened, and by means of a rough wooden

shovel thrown into a bamboo basket, (both made on the spot) and hauledup by means

of a long bamboo. In this way the miner digs himself gradually into the clay, con-

structing a chimfney-like 9it which Just affords room enough for one man to work in.

If an amber-bearing pocket is reached, which may be found at ahy depth, it is

worked, and if of some extension, other pits are sUnk around the original one until

all the amber is extracted by^wqrking from one pit to the adjoining ones. As it

happens frequently enough, no amber is found ; then the pit is abandoned and another

spot selected. It is perfectly clear that under this system of extraction the output

solely depends oh lUck
; one man may find a large quantity, while another works for

Weeks without getting more than a few pieces.

I was of course obliged to accept the native method, but all I can Ay is that 1

‘

, was extremely unsuccessful. Although I sUnk about six
y expenmen s.

shafts, which I worked with sometimes nine coolies at a time

for nearly a fortnight, the whole output consisted of a few small pieces of disinte-

grated hmber worth nothing. This may not be very encouraging, but in my opinion

it is absolutely no sure test as to the value of the amber-miUes ; experiments to this

effect must be carried out on a larger and more ayetematic scale and over a longer

perihd.

Although I have no dddbt that athbCr is found in large quantity either at Lalaung

.
or Elsewhere, it may safely be said that it will' never form an

Value o e mmes.
artide 6f export to Europe unless the fashion changes. The

tWb w^ith'<are ags^iha^ it tfhd^g a mafkC't at hbiUe are, ^rst, its colour;

second, is fluorescence.

Ai fi^gikritlis c0l6hf, th4 tuilky^^hite clduded pieces of amber command
A market; all the other colonshs,

of tr^spareiicy, are of inferior value,

Burmese’ amber would therefore range in

the as long as the fashion dNs hot change, and it is still more lessened

Value of the mines.
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in its intrinsic value by the fluorescence which is never found in European anlber.

Only ambet ftom Sicily shbws the same peculiarity, and although found in some

quantity, it is for this very reason practically unsaleable.

. There is another reason why the fluorescence* will be fatal to the Burmese amber.

Up to only a very recent date the firm of Messrs. Hantien and Beeker in K6nigs*-

berg, who are owning the monopoly of the Prussian amber-mines, which are the

chief amber-producers, had every year an enormous quantity of refuse amber which

could hardly be disposed of*; the only way of utilising it being the manufacture of

varnish, and as there is only a limited demand for such varnish, large quantities of

the refuse were every year stored away. Son?e years ago the problem of smelting

the amber was solved
;
the process consisting in softening the amber by steam under

high pressure and then compressing the mass by hydraulic pressure. The amber

thus produced resembled in colour the yellow or brown variety, its only difference

from the natural pieces being iis fluorescence. The firm, stopped the manufacture

of this artificial amber because large pieces of it could be produced at such a low

cost price that if thrown on the market it would have soon cut out thb inferior

qualities of natural amber altogether. The firm, rather than be its own competitor,

stopped the manufacture of smelting the refuse altogether, and the storage of the

latter is still going on. There is, however, no doubt that the very moment the

Burmese amber, which in its physcal qualities is similar to the amber produced by

smelting the refuse of European amber, would appear on the market as a serious

competitor to European amber, the firm would at once take, up the manufacture of

artificial amber.

It may therefore be foretold with every certainty that if any company which

might in the future exploit the amber-mines were not satisfied with supplying the

local and China market only, but were to begin to export to Europe, it would find

great difficulty in competing against German production; and it may even be

doubted whether it would succeed in doing so, owing to the undoubtedly inferior

quality of the Burmese amber. But whether the local demand, which may be esti^

mated at abOut 2,000 viss per year at the outside, will be sufficient to pay a European

company remains still to be seen.'

In conclusion, I would recommend that experiments on a larger scale should

be carried out either at Ls^auhg or elsewhere wiih a view to ascerllaih whether there

exists a sufficient quantity of amber to pay a more systematic mode of working.

The so-called Mogaung coal-field might be mdre propei^y called Saungka coal-

field, the outcroj^ of the seams being situated along the bank

aung coaNfield!*^
^ small Stream Of this name. The Saungka chaung is a

feeder of the Mogaung stream, whith it joins about 16 miles

above. Mogaiihg, running do^n from the hills on the right bank of the river. The
coa! seams are said to bO found about 5 miles to the west of the banks of the Mogaung
river. Although I did not visit the locality itself, I may venture^ few remarks as to

its probable valite becaiuse I examined the country On both sides of the hills whiOli

contain the coal. There is no doubt that the coal is of tertiary age'; the hil]^ to Ok
east consist, howeVer, of metamorphic rocks, while those to the West consist of

* Dr. Netting (ays perhaps too misch stress on the ttnfavoarabIe|Lpprectation wl^lch Burma
amber may obtain in the European market. Its great area of sale is in tho East, where it will

probably hold its own against the ^uropeab proottct.*—£<2.
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crystalline limestonei which probably sweeps round the northern side of the tertiary

sandstones. To the south the latter are covered up by the alluvial plainsof Mogaung*

We can therefore safely say whatever may be the thickness of the seams, their exten-

sion is very limited, and it is further highly probable that the strata are very much
disturbed.

Two different groups of mines may be distinguished, which we may call the pit

and quarry mines, respectively. The pit mines are situated

report on along tHe bank of the Uru river, beginning at about Sankha

tion of mines?* ' village and extending for a distance of about 40 miles further

down. The quarry mines near Tammaw village are situated

about 8 miles to the west of Sankha village on the top of a plateau rising to about

1,600 feet above the level of the Uru river.

Although it is quite probable the mineral which is commonly called jade and

which forms the object of an extensive industry in the
®oogy.

Mogaung sub-division is different from the jade proper,

I may be allowed to use the old name till chemical and microscopical analysis will

have revealed the true nature of this mineral. The Tammaw mines afford the best

opportunity for the study of the geological condition under which the jade is found.

It here forms a vein of considerable thickness in an igneous rock of blackish green

colour. The jade is a purely white crypto-crystalline mineral much resembling the

finest marble, containing here and there green specks of various sizes, which form

the jade proper. TbqJade vein is separated from the black rock by a band of a

soft and highly decomposed argillaceous mineral. The strike of the vein is ap-

proximately north to south, and the dip at about an angle of 20°, varying consider-

ably towards east.

It is difficult to determine the age of these igneous rocks. Before Sankha is

reached a similar rock may be seen breaking through tertiary sandstones, but unfor-

tunately the relations of the Tammaw trap to the surrounding strata cannot be

observed owing to the denseness of the jungle.

The jade extracted from the pit-mines is found in the shape of boulders, which

are undoubtedly derived from localities hitherto unknown, in the neighbourhood of

the Uru river. It is probable that this kind of jade, which has undergone a consid-

erable amount of wearings much harder, and therefore of better quality, than the

jade extracted from the quarry mines, which has hitherto only laid open the out-

crop of the vein
; but there is no doubt that once the mining operations have

reached a greater depth, where the jade has no longer been subjected to the super-

ficial disintegration, a material will be found which, if not better, will at least be

equal to the jade extracted from the pit-mines.

There are at least 500 men engaged every season in working the quany-mines at

, Tammaw. The mining operations are carried on in the
ining operations.^

ruilest fiishion« No blasting powder being available, the

I’Ock if heated hy large fire% and having again cooled down, is broken into pieces

by means enormous iron hammers^^

Qpi^^oii in the pit-n^es are less difficult as the alluvial gravel in which

^ found does not require the tedious process of heating the

selects the boulders from the stuff dug out

pit; good pieces of jade are sometimes found in the laterite, which
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forms beds of varying thickness along the Uru. These pieces have superficially

undergone ^ certain discolouring in such a way that the original green or white is

changed under the influence of the hydrated oxide of iron into a dark red colour.

Specimens of this kind are generally known as red jade."

There is no doubt that the jade-mines, especially the jade vein of Tammaw,
forms a most valuable property; and there is further no

aue o t e mines.
that, besides the Tammaw jade vein, others will be

discovered sooner or later, a!s we know now that jade is intimately associated with a

dark igneous rock (trap). As the country abounds in rocks of this kind, it may fairly

be expected that a closer examination of thdse rocks, perhaps some extensive

prospecting operation, will result in the discovery of other jade-mines.

Preliminary Report on the Iron-Ores and Iron-Industries of the Salem
District, by Thomas H. Holland, A.R.C.S., F.G.S., Assistant Super-

intendenty Geological Survey of India.

L—Introduction. •

The data and observations recorded in the following preliminary report on the

iron resources and industries of Salem were gathered during a hurried visit to the

district of less than three weeks, during which time 1 visited most of the places

in which native iron-smelting is being carried on, and the principal localities in

which the ores of iron occur. 1 have great pleasure in acknowledging the assist-

ance which I have received during this short enquiry from Dr. H. Warth, OflSciating

Superintendent of the Government Central Museum, Madras, who accompanied me
over a large portion of the tour. To Mr. G. Stokes, Collector of the district, both

Dr. Warth and myself are indebted for the courteous assistance of himself and his

staff, and for many suggestions in discussing the possibilities of developing the

immense iron resources of the district of which he has charge. In investigating

the question of local fuel supply, Mr Brasier, District Forest Officer, has rend-

ered invaluable help in continuing the enquiry which had received the attention of

his predecessor, Mr. W. Carroll.

IL'—Literature.

Besides the previous, information obtained under the superintendence of the

Collector, Mr. Stokes, I have been guided m the enquiry by thi following publica-

tions containing references to the native smelting and the iron-ore of Salem :

—

1814. Hbynb, B. : Tracts on India.

1836. Bsnza, P. M. : “ Notes on the Geology of the Country between Madras

and Neilgherry hills vid Bangalore and Salem."— Journal

of Literature and Science, VoL IV, p. 1,
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1842. New^old, Lieutenant, Mineral Resources of Southern India: No. 3:

Chromate of Iron Mines, Salem District.— Royal Asiatic Society ^

Vol. VIL p. 167^

1855. Balfour, £. : Report on* the Iron-ores, etc., of the Madras Presidency.

1864. King, W., and Foote, R, B. : *‘On’the Geological Structure of portions

of the Districts of Trichinopoly, Salem, and South Arcot. Mem.,

Geol, Surv,, Ind. Vol. IV, p. 223, et seq,

1881. Ball, V : Economic Geology of India (Manual, Vol. Ill), pp., 332, 335
and 348.

1883. LeFanu, H. : Manual of tke Salem District.

• IIL^Mineralogical and Metallurgical characters of the Iron^Ores of
the Salem District.

I give below a list of the ores of iron found in the Salem district, making special

mention of the peculiarities in physical characters which these minerals display in

this area, and their respective metallurgical values

:

(i) Magnetite is by far the most abundant of the iron-ores of the area. It

occurs either in well-defined octahedral crystals, (which
Magnetite.

frequently display polar magnetism), imbedded in chlorite>

schist, as in the neighbourhood of Rakkiyapatti, 11 miles south-west of Salem, and

Ettumanikampatti, an inam village a mile further to the south.^ These are picked-

up in large quantities in the rivers after heavy rains, and the natives, knowing their

magnetic properties, string them together as beads.

Magnetite occurs also, making, with quartz, a schist in which the crystals of

magnetite are crushed out in the direction of foliation to a roughly almond-shape, the

proximity of the tapering points giving a lacunar appearance to the rock. Crystals

of about one-balf to three-quarters of an inch in length, and of this shape, are

common in the iron-beds of Kanjamalai and of many other places in the district.

All gradations in size are found down to an almost aphanitic rock in which the con-

stituent minerals are, to the naked eye, indistinguishable as individual crystals—

a

type common to all the groups of iron-beds. Bands of magnetite sometimes

alternate with quartz, or bands of quartz and magnetite, rich in the latter mineral,

are found alternating with bands of the former, frequently contorted into fantastic

patterns and giving the appearances characteristic also of lavas which have cooled

down after fluidal movement in a semi-viscous condition. The magnetite and

quartz-schists, in common with all the crystalline metamorphic rocks, have, in fact,

,

derived their peculiar flow-structure from actual moulding under the enormous

pfes^es to wUch they hnve been subjected during great earth movements. I

have nodced tl^at (hese contorted piec^^ of magnetite-bearing rock are commonest

neai^ tiie ridges which form j^ueh a prominent and characteristic feature in the out-

lines of hills in whidi iron-beds %U2igh angles. This, I presume, is not only

due to the resistance to the disintegrating action of die sub-aerial agents, but

ftitoomOUwinpAtti iSi eurioudy enough, named from the octabedra of

***eigkt (Tamil,)
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aUo to the tendency to ri^sist yointing and its consequent production of small

frs^gments which form a h^ore easily moved talus.

The incipient expansion of the mass, accompanying the oxidation and hydration

Friable ore used by of the magnetite, has, in many places, been sufficient to pro-

native smelters. duce a rock which crumbles under the slightest blow, or even

between the fingers. These are the pieces exclusively used by the native smelters pn

'

account of their friable nature. They are invariably found in the talus at the foot of

the hills, and probably are simply the more weathefed representatives of the compact

specimens occurring in the beds above. A further form in which magnetite occurs in

this district is that of segregation from the main mass of the rock into cavities and

pockets, as innumerable small crystals, which in large fragments frequenty exhibit a

distinct polarity of magnetism. Magnetite occurs also, together with small crystal-

line fragments of quartz, felspar, hornblende, garnets and other minerals, as sand in

the river-beds, being derived from the disintegration of the numerous crystalline

rocks within the area. In the trappean rocks, in granites, and in the more basic

gneisses, magnetite occurs in disseminated grains, but not in quantities sufficient for

economic use. In almost any locality in the south of Salem district a magnet dipped

into a bed of river-sand becomes coated with large quantities of magnetic grains.

Magnetite may invariably be distinguished by its hardness. It is always

Distinctive characters attracted by the magnet and frequently is itself magnetic
of magnetite. ^»ith well-developed polarity in large specimens. The
colour, both in large fragments and in powder, is black, w^ib a well-defined metallic

or sub-metallic lustre. These properties serve to distinguish it from the other iron-

bearing minerals mentioned below. Besides being the mo^t abundant, magnetite

is the richest ore of iron, containing, when pure, 72*4 per cent, of pure iron, the re-

Metallurgical value of mainder being oxygen (FegO^). The ore which occurs in

magnetite. guch abundance in the Salem district is thus the ore which

has been used with such success in the Scandinavian iron-works. It was from

this mineral, smelted with charcoal, that most of the famous Dannemora iron was

produced. •The Dannemora ore employed yielded on an average below 50 per cent,

of the metal, varying between 25 and 60 per cent., whilst in the Salem district it is

possible to obtain an almost inexhaustible supply of ore with an average of nearly

60 per cent. iron. This result is calculated from the average mineral composition

stated by Messrs. King and Foote, and agrees with rough calculations of my own on

crushed samples, ^ well as the estimate given by Balfour.^ I have collected a

large nupiber of typical specimens which I hope to subject to analysis, the results

of which will be (embodied in the fipal report. I know of no published analyses of

Salem ore giving the results of a search for such impurities as phosphorus, sulphur,

and manganese
; but from the reputation of articles of steel which have, in tim^s

past, been i^ade from thcise orps by the well-known Ar^achella ^chari and others

they must have been very free of at l^st bpth phosphops and sulphur. Very small

Effect of phosp^ortt^ qq^tjtics of p^^aspikor^s woulci be sufficient to render the

on steeL stpel dijstinctly brittle ^pdr ** cold short "—as little as o' 1

per cent, is fte i^sp^iipjiip ja^punt of phosphorus allowed in rml specificattons, and

in good ^i^lities of tnild steel it.seldom e^ccesds '016 to '04 per.cent. There is one

‘ Cyelopaedia, 3rd edition, vol. ii, p. 372*
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point worthy of consideration in connection with this question, namely the tendency

for the phosphorus in pig-iron production to*pass into a

in slag°™
*" ****^*^**^'

basic, scouring slag rich in iron, whilst a good, grey slag

—

desirable in most places for economy of iron—produced in

smelting, yields almost the whole of the phosphorus originally contained in the ore,

fuels, and fluxes to the pig-iron. Fluxes are used in most places for the purpese of

economising the iron, lime replacing the iron in the compound silicate of the slag^

but in this district the ore itself is so inexpensive that manufacturers can afford to lose

a highly ferriferous slag for the sake of cleansing from phos-
Cause of purity of na- phonis. Whilst I have no doubt these facts may account

tive steel. \ , , .ft. . ,

in some measure for the purity of the iron and steel pro-

duced by the highly wasteful processes of the native smelters, who use no flux be-

yond that afforded by the ash of the charcoal employed as fuel, it is still probable

that the Salem magnetite is comparatively free from this impurity, which is a source

of so much trouble to steel manufacturers. Ward’s analyses of the Dannemora

magnetic iron-ore show it to be free of both phosphorus and sulphur.

The presence of minute quantities of sulphur in steel is even more powerful in

.
its influence on the properties of the metal than that of

Sulp ur in stee
. phosphorus. As little as 0*05 per cent, of sulphur is suffi-

cient to render steel sensibly " red short,” or almost unworkable at a red heat—

a

character which has never been ascribed to the Salem steels. To these points I

hope to give special attention after careful analysis of both the ore and of the pieces

of iron and steel which have been purchased from the smelters still at work in

different parts of the district.

Hcsmatite is seldom found in large crystals in this district. In the hills to the

south of Namagiripett I found small crystals of specular

iron in larger masses of crypto-crystalline haematite, form-

ing, with quartz, a schist bedded in conformity to the adjacent magnetite-bearing

seams. Frequently we find both magnetite and haematite intermixed with quartz

and, in some cases, 1 have noticed magnetite cores surrounded by haematite

to varying degrees^ producing, in fact, minute crystals of

martik which is probably, in most cases, pseudomorphous

after the magnetic oxide. Haematite contains 70 per cent, of iron, and is notably

free from sulphur and phosphorus. This ore, when smelted, invariably gives a

Pig-iron from hae- silicon a property which has increased its

matite for Bessemer demand for the production of steel by the Bessemer
conversion.

process; and, before the modification known as the

basic process was introduced, only pig-irons rich in silicon were suitable for

Bessemer conversion.

Haematite in this district is quite subordinate in importance to magnetite. From

the latter miheial it «ran be distinguished! when crystallised, by its higher lustre, red

streak, crystalline character, and the absence of all magnetic qualities. I have

collected specimens of ^\s6ft” (that Is, specimens in which the ore is in excess of

the free silica) haematite from the northern flanks of the Kollimalais, in the south-

It is, however, sometimes found with qumtz

piedoipihating, a^d even pamihg into a jaspery condition in several parts of the

district;'
' “.‘'.--o'

Hmmatite.

Martite.
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Tilanoferrile.

Under the action of atmospheric influences, haematite takes up water and passe*

Turi^ite,
’ GSthite, into (urgiie and ultimately into gdihife and Imonite, or

Linioniie. brown hematite. These may be carbonated to produce the
Clay-ironstone. various forms of clay ironstone and chalybiie. Various stages

of these processes are represented amongst the Salem iron-ores, especially the pro-

duction of small quantities of yellow ochre by oxidation and hydration of the mag-
netite. This is the cause of the friable property of tjie ore, which is, as before stated,

preferred by the natives. But as none of these ores, however, occur in sufficient

quantities to be of any value for metallurgical purposes in comparison to the mag-
netite and haematite, they will receive no furthef attention.

Fyrite is conspicuously free from the rocks of this district. Finely disseminated

.
grains occur scattered through some of the intrusive igneous

‘ rocks, but not in large quantities.

1 have found small crystals of titaniferous iron-ore in some of the eruptive rocks

Tilanoferrile
Salem, but have never noticed it occurring in large quant-

ities. Captain Campbell has recorded his discovery of titan-

ium in a black ore used by the smelters of the Salem district, but he gives no parti-

culars as 10 the quantity or nature of the mineral in which it exists.^ Captain New-
bold also stales that iron-ore, slightly titaniferous, is found over the whole “ hvpogcnc

area of Southern India.”^ I have not yet subjected the specimens collected to an

analysis
;
but 1 hope to give Ibis point due attention, as it is one of metallurgical

imi»oriance. Although a very refractory mineral, titan iferoq^sron-ore has been used

in the bloomery furnaces of the United States and Canada
Metallurjrical value manufacture, by direct process, of wrought iron,

of titanoferiite.
. c j* • • • u- i *1

The fine state of division m which the ore occurs as sand is

favourable to its treatment by this process. At Mosie in Canada it is found profit-

able to wash sands containing only comparatively small quantities of the titaniferous

ore before treatment in, as far as I could learn, (he ordinary American Bloomery

Furnace with simply a reduction in the slope of the iwycrs and of the pressure of

the blast. The mineral is further used with a certain degree of success as lining

material in some kinds of revolving puddling furnaces. I'he titanium itself seems

to produce little or no egect on the iron manufactured. It has never been, I

believe, found in white pig-iron and it seems never to pass into the malleable iron

made from grey pigs which contain titanium. The action of titaniferous ore is not

so much due to the presence in the product of titanium as to the conditions in the

blast furnaces which are necessitated by the presence in the charge of mineral*

containing that metal. 1 do not consider (with our present knowledge of the uses

“to which titanium can be put in iron manufacture) the presence of the mineral iri

the Salem district to be of immediate value. Although such an authority as David

Mushet was so firmly convinced of the value of titanium in steel as to take out

thirteen patents for his invention, its value still an unsettled question. One thing

is certain, that the higher temperature required for the smelting of titaniferous iron-

.

ores means a larger fuel demand which seems to be about the only bar to success

in working the Salem iron resources. It is stated that the Swedish Tabe*rg ore

requires more than twice the amount of fuel to smelt ores containing titanic oxide

than.to reduce ordinary magnetic oxide. It seems, therefore^ that the proximity •£

* Ci^mpbell ; Calcutta yontn. Nat. Hisi,fVo\. II (i 842)» p* 280.

• Newbold: Joutn. Roy. Asiatic Soc.^ Vol. VIII* p. i 5Si Vol. IX, p. 40.
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Pyrrhotite.

Ferruginous clays and
laterite.

Chromite.

this accessory does not increase the value of the iron deposits to any material

degree.

Pyrrhoiite or magnetic pyrites, although of interest on account of its remarkable

properties, is of no metallurgical value. It occurs in small

quantities in some of the rocks of this district as minute

hexagonal prisms.

Ferruginous clays, limonitic pellets, ferruginous sands and laterite frequently

occur in different parts of the district ; but these iron-bear-

ing deposits, although in some places valuable as sources of

the metal an^ for building and other purposes, are, in this

flistrict, developed to quite an insignificant degree 'beside the enormous deposits of

richer iron oxide.

Chromite in many respects resembles magnetite, having like it a black colour

and sub-metallic lustre. It crystallises in the same form

and has about the same hardness, whilst its specific gravity

docs not differ from that of magnetite sufficiently to allow of such a means of dis-

crimination between hand-specimens of the two minerals. It is a!so sometimes

magnetic. The property which at once distinguishes it from the magnetic oxide

of iron is the colour of its powder. Chromite gives a brown streak, whilst that of

magnetite is black. In chemical composition it differs from magnetite in a replace-

ment -of the iron sesqui-oxide wholly or partially by the corresponding chromic

Chrome i ments
Oxide. Besides the value of this mineral for the production

rome-pigments.
various chrome-salts used as pigments, its use as an

introduction into steel and iron adds to its value on account of its proximity to the

rich iron-ores of Salem. Ferro-chrome has a decidedly beneficial effect on steel,

and only the expense of the ore, and the difficulties attend-

ing the smelting of such an easily oxidised metal as chrom-

ium, prevent its more extended use in steel manufacture. It is, however, coming

into great favour specially in Sweden, where the ores of iron are, in many respects,

similar to the Indian ores, both in properties and mode of occurrence. In Tas-

mania chromic ores containing sulphur have been considerably smelted, although

the presence of sulphur necessitates the expensive remelting of the pig with ferro-

manganese. Whilst for rails its price will probably always prevent it superseding

ordinary carbon-steels, the use of «• chromium-steel for the

manufacture of armour-piercing projectiles seems to be

decidedly on the increase, and the only substance which

seems capable of replacing it to any extent will be a modified form of the renvark-

able manganese-steel recently made by Mr. R. A. Hadfield.
* manganese Yqx want of available literature I am unable at present to

quote any data showing the enormous hardness, tenacity and

great resistance to impact possessed by chromium-steel, but it may with safety be

said that the altentiott which this alloy will in all possibility receive would make the

presence of chromium in the Salem district a valuable accessory to the iron. In

the sequel I shall show that the conditiopefwhich invariably accom^^ny deposits of

Possible ocaiiTcnce
^ IM:e$eiit not only on the chalk-hills in Salem,

of chromite |o; Ksnja- ^ but are related iii every respect at the foot of Kanjamalai
me let.;

, ,
itself, th^ Hill sO well known for its iron-beds from the inter-

esting 4fitscription by Messrs. King and Fo^Xe in the memoir already referred to.

Chromium in steels.

Chromium -steel pro-

jectiles.
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Afanganese ores,•^The principal remaining substance of value in the manufac-

• ture of iron and steel is manganese. Although there are,
Manganese ores,

j know, no deposits of these ores in the Salem

district, htaunite is said to occur in the Kurnool district and near Tumkoor in

Mysore. Notwithstanding the recent impetus given to the use of manganese in,

steels, I do not consider that these places—which are the nearest known manga-

nese-bearing localities—are sufficiently near Salem to be worth considering in the

question of the puccessfu> revival of the Salem iron-industry. They will be treated

more fully in dealing with the respective localities in the final report. I can only

call attention to this possible means of adding to the chances of development of the

district at present under consideration.

J V,—Distribution and geological relations of the Ores*

Concerning this question I have very little to add, beyond the miqeralogical

notes already given, to the descriptions published, in 1864, by Dr. King and

Mr. Foote in the memoir above quoted, and to the additional summary written by

Mr. Foote for the District Manual (Volume T, pp. 97-102, and occasional references

under the headings of the different taldqs in Volume II).

As to the celebrated iron-beds on Kanjamalai, 1 have been able to work out the

Additional remarks ^xact points of junctioh of two of the beds with the adjacent

on the Kanjamalai iron- rocbs by working along the lop ofthe westerly extension of

the high ridge. In his descrip)tion of Kanjamalai, given as

an appendix to the memoir, Mr. Foote states his inability to decide on the thickness

of the deposits owing to the manner in which the lines of junction of the beds are

obscured by the debris rolled down from above (p. 382). A thickness of about 50

feet is estimated for each of the two lower beds. But, as stated, the exact thickness

is of little importance when the quantity of ore is so enormously great. My actual

^ ^ measurements on the western ridge of two beds showed that

even this estimation is rather understated. One bed measured

nearly 50 feel, whilst the other was very little under 100 feet in thickness. The
thicker of these beds is possibly the lowest (No. i) of Mr. Foote, wdiilst the thinner

Seam below would, in thiit case, be unrepresented on the main mass of Kanjamalai.

The reasons for this statement, although the results of a necessarily hasty examin-

ation, I will state presently. The iron-beds are described and mapped as concentri-

cal ellipses
;
but had Mr. Foote the privilege of re-examining the ground he would

probably make a slight modification of his map on the north-west side of the hill.

Although the modification is of little concern as to the iron resources themselves,

I hope to show that the disturbances on the north-west side have given rise

to a recurrence of the conditions which prevail near the chromite-deposits of the

Chalk Hills, and thus becomes of possibfe economic value, aS well as of scientific

interest.

Crossing the road in the southerly direction near Sithaswaran Kovil, one mile

Geology of western village of Kadiampatti, one meets first with tal-

extension of the Kanja cose and chlorite-schists exposed in the river-bed, and giv-

ing the general east-north-east and west-ssuth-west strike of

foliation, with « high dip to the north-northVest* For a few yards further t he rocks
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are covered with soil and the next exposure is that of a coarsely crystalline horn-
blende felspar rock with large garnets. This rock follows the general dwection of
o lation, but unlike the talcose and chloritic schists referred to, its dip is towards
the mountain, and of 55®. There is probably thus an anticline to the north with its

• Anticline to north of
parallel to the direction of foliation. This rock is suc-

Kanja. ceeded by a narrow dyke of basic ropk intruded in the direc-

strike, and following this we have a parallel arrange-
ment of other foliated rocks, somfe with garnets, some without, and ope or two
ernptive rock^ all following a general east-north-east direction until the base of
the mountain IS reached, when they disappear under the talus of broken fragments
of rocks fallen from steep slope above. The rather broken and low ridge of these
rocks forms the northern boundary of an irregular depression which is backed in
the easterly direction by the main mass of Kanjamalai and on the .southern side by

above llie plain and forming the continuation of

of 11^ “I 'It
“ '* depression that the complications

fcnnd tntJ ,T "'™‘'
^ ® ® almost due north and south and dip at about 50° or 60®

wJlt*'
^ ^ke cast. This direction changes for a north-

^ ascending the hill to the south, and on following the

direction \vhh**intT
‘^“'ves round to the west-south-west and east-north-east

Mr Fnr r;
’

V
“'‘ss, a northerly dip as shown in the section given by

lYidcc nf 41, ^ 3 Po). By this means beds which formed llic base of the mainmass of the mountain are brought obliquely across the westerly ridge, and on the

Exposure of iron-beds ^tre laid bare for examination. Of the

M exposed, the lower and thinner rests on a gar-

of strike.
netiferous, foliated hornblende-felspar rock. Between the

. ,

is a thin seam of hornblendic gneiss about
occurrence nowhere described in ihe memoir. I conclude, there-

iwn'i,??T ^ on the main hill-slopes concealed this
thin bed of ^eiss from the observation of the original observers, whilst if. this large
bed, which bends around to the north-west, is a continuation of their bed No i

bTroflTr^i^' V'f;^ induratedbed of talcose schist (Uc. «/.. p. 380, fig. 9). This is ‘very possible as the task

bouhS'3“Ld*’th°T"lK
facilitated by the rollingbou ders and thick, thorny tangle of bushes. The two highest points on thiswesterly extension were, by aneroid readings, respectively 650 and 950 feetabove the plain, and fiom the last point to the summit, and down over the north-

coincided precisely with the account given by Mr.

depression on the north-west corner there are ramifications of a greatdjke of graphic granite running generally.jwallel to the foKation, but in places cut-ting across the gneiss. Further complications are brought about by the^ intrusion
Jntrnslv. basic and 0* Wack hyperstljpne-bearing and other pyroxenic rocks

SrH-htS '.S’
” “»» •« I»ve b«n tended te o,d» frl .he2

Dfiigi^iklta.
granite. Towards the west quarta-veins

^furc^e and ramify amongst the basic gneisses; bat the
:
matt IS the occurrence,of veins of magnesite traversing precisely
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the same kind decomposed and crumbling rock as wc find in the sides of

the chromite shafts on the noithern magnesite area of the Chalk hills near Salem,

It is associated also with compact, and sometimes fibrous serpentine or picrolite

I baltimorite). As iIk; occurrence of these minerals in
Fibrous serpentine.

Kanjamalai has not been recorded by Messrs. King

and Foote, a description and a coroj)arison of the essential geological features

of this area and of the Chalk Hills will explain my reasons for considering

the occurrence of chromite in the Kanjamalai by no means an improbable dis-

covery.

Lieutenant NewLold, in one of bis series' of communications on the mineral

resources of Southern India to the Royal Asiatic Society,

described the chromite-mines of the Chalk Hills. This

paper seems to have been ovei looked by Messrs. King and

Foote, who, consequently, could say lilllc as to the mode of occurrence of the chro-

mite. 1 he mines were also inaccessible at the time of their visit, biU since that

lime the rubbish, which has fallen in from the sides of ihe shaft, has afforded a con-

venient soil for the growth of a tree {Ailanthus excehiis or Pi-maram) in each of two

of the shafts. These are now grown to the mouth of the shaft and stand in striking

contrast beside the stunted shrubby acacias of the sur-

Ob‘<ervotions in the mounding area. By one of these trees I managed to climb
chromite-mines.

c^own lo the bottom of the shaft, now only 35 feet deep, and

my observations, on the walls and of the fragments at llie‘ bottom, confirm New-

hold’s description of the mode of occurrence of the chromile.^ At the time

of I.ieutenant NevvlTolds visit, the shafts were respectively 59 ard 63 feel

deep, but since that time a third shaft has been made and a few smaller excava-

tions! apparently of a trial natuie, aie still to be seen about the immediate neigh-

bourhood. Water was found in quantity at 59 feet, but the workers possessed no

better means of removing it than by the use of ropes and buckets. The ore follows

the direction of the magnesile-veins, but is found generally between the magnesite

• and the main mass of crumbling rock. One large mass,

Mode of ocurrerice of weighing 2 tons, was also found before Newbold’s visit
chromite.

At»present the only chromite visible is in small quantities

lying in the manner described above. I have collected specimens of the ore for

further examination. An analysis by Mr. E. Solly of a piece collected by Lieute-

nant Newbold yielded 49 per cent, of chromic oxide and resembled the material

brought from America and from the Shetlands.

Judging from analogy of other occurrences of chromite and its constant associate,

serpentine, the formation in the Chalk Hills is not improb-
Paragenesis of chro- remains of a great ultra-basic intrusion. I have

found dykes of undoubtedly basic and ultra-basic rocks in

the neighbourhood, and serpentine has? in many instances? since the date of the

publication of the Survey memoir, been proved to be the hydrated product of the

highly magnesian constituents of ultra-basic and olivine-bearing, igneous rooks. The

rock known as dunitt from New Zealand contains chromite
Danite.

imbedded in olivine, which has, as yet, only suffered the

incipient hydration to which olivine is undoubtedly susceptible. Jhe same dykes of

mite.

\J<mrn Roy. As. Sot., V»l. VII (1843), pp. 167-7X.
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ultra-basic rock, the same decomposed material, bearing magnesite in similar veins, and

serpentine both in its fibrous and in its compact* form, are
Same phenomena in

found at the north-west base of Kanjamalai. Whilst it

IS to be admitted that chromite is most irregular in its dis-

.tribution amongst these rocks, there remains the suggestive fact that these condi-

tions are precisely those under which the mineral is invariably found ;
and I think

it is at lea,St worth more than the search of the few hours

suggested
which were at my disposal. Nothing but a careful working

out of the petrological relationships of these rocks will

result in successful prospecting for vahiable minerals.^

Messrs. King and Foote are unconsciously unfair in their criticism of Dr. Benza's

observations in the Chalk hills. Dr. Benza did not, as they imagined, overlook

the serpentine, either in its ordinary or in its fibrous form. Dr. Benza could not be

expected to call tne. mineral by the name of dal/monte for the very obvious reason

that this name was not coined until seven years after the
Benza*s discov^y ot

publication of Benza's interesting paper. The author of

hills. the term baUimorite was himself quite unconscious of the

affinities which the mineral possessed for serpentine and proposed the word, as he

did many others, in the indiscriminate manner characteristic of the times when

mineralogy was less of a science than postage-stamp lore!

w^as used for this form of serpentine as

'long ago as 1808, and has the preference both in age and

.scientific accuracy. Baltimoriie can offer no apology for its existence. I have

referred to this point Lecarse it (x)'lairs tie Urms used by previous writers on he

geology of Salem—Heyne, Benza, and Newbold. The last two authors both spoke

of the existence of asbestos and nephrite,^ whilst Heyne referred to a ** semi-pellu-

cid greenstone " which is about the hardness of serpentine and looks not unlike the

famous image stone of China.* The confusion which existed at that time between

the complex minerals nephrite, jadeite, bowenite, and agalmatolite (which is used at

the present time for ornamental carvings in Chind and else-

where), and the varieties of sefrpentine, explains the use by

Benza and Newbold of “ nephrite, ” whilst the interesting

circumstances attending the exatpination of the original

specimen of baUimorite explains the term “asbestos"—the

name under which it passed before coming into Professor T. Thomson’s bands.

Curiously enough it was labelled “ asbestos with chrome."^

With regard to the place mentioned by Benza as a further locality for magne-

site, namely Yedichicolum, close to the Cauvery, near Trichinopoly, Messrs. King
and Foote have expressed some doubt. I hope to investigate this matter on taking

up the Trichinopply district ; but, in th^ meanwhile, I ipight mention that Newbold

t ’
.

,

•

’ writing the above lit camp, I jliAVe examined, In the laboratory, spec^ens collected

on Kanjamalai jmd on the Chalk hills, and field ^hat in each caae the magnesite is formed, as

^ tfm of olivine-roe^ closely related to dunite.—T. if. If.

* lit* Sdn Vol IT (183$), p. 93,—Newbold t ^oumm Roy. As, Soe.

,

** Nephrite and
''asbestos** of Benza
and Newbold corre-
spond to '* serpentine/*

and '*picroHte” (balti-

morite).
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also refei;3 to the same place as containing, no^t only magnesite, but chromite, and

he further refers to '‘Hoonsoor, Mysore and to a site near Comarpollium, 10 or 12

miles south-west from Sankerydroog, in the Salem district.'’^ Of other occurrences

of chromite in India the same association with serpentine has been recorded.

Amongst these I may refer to samples found by Mr. Mallet weathered out of thb

serpentinons rock of Spiti^ and in one or two places in the Andaman Islands.®

I have already referre/l to the increasing value of this mineral.

With regard to the remaining groups of iron-ore beds described in this memoir,

Remaininfr groups of ”^7 observations copfirm the descriptions of them in every

iron-ore beds described particular and the time would not allow of extending the
by King and Foote.

details. These g-TOUps will be referred to in discussing the

fuel supply.

Manufacture
wrought iron.

Comparison
Malabar workers.

of

with

V.—Native smelting processes.
•

At the present time both wrought iron and steel are being manufactured by

pariahs in the Salem district
;

but I nowhere found steel (wooiz) being made in

crucibles, as, according to previous writers, was the case when the industry was in a

more flourishing condition. Wootz, however, is still being made in the adjoining

district of Trichinopoly.

The process of manufacturing the wrought iron is simply a very primitive and

imperfect form of the Catalan'and Bloomery process at

present employed in Europe and America. The furnaces are

smaller and much more imperfect in everyway than the fur-

naces which I saw in the Ernad taldq of the Malabar district. The mode of working

the bellows is also different from that of the western workers, who are in the employ

of Mahommedan moplahs. The process of smelting one

bloom occupies about two or three hours, the resulting iron

weighing about i8 lbs., whilst the Malabar workers occupy as

many days fer the production of a bloom of iron weighing about 5 cwt. In Malabar

also the charcoal and iron are all weighed and the products sold by weight in

four grades, whilst in Salem the workers do everything by guess, with the result

that there is an enormous waste of either ore or fuel ;
and the sale of the bloom is

a bargain at sight without regard to weight. The pariah workers seem to pos-

sess little sense of either time or weight, and professed great amusement at my
suggesting some simple improvements on the method which they and their ancestors

had practised all their lives
!
(Plate I.)

The processes of mining (or ** grubbing,” for the diggings are never more

. than 3 feet deep) the ore are even more wasteful than the
ining t e ore.

jjmelting. Only the well-disintegrated and rotten pieces

of quartz-magnethe schist are used. All the pieces too hard fSr easy crushing, even

nearly pure magnetite, are rejected, and, consequently, the material contains not cnly

large quantities of quartz-gtainsi which have»to be removed in preparing* the ore

* yourn. 4s. Sac., Vol. VII (iS43)t P*
* Mcm^ CscL Sutv, Ind^, Vol. V, p, 167. •

^
* Bcc. Surv. fnd., Vol. XVI* p. 904; Vol. XVII, pp. 83 and 84. The serpentine has

beea mapped by Mr. R. D, Oldham Swv. Ind., Vol. XVII, pp. 135, 145 and plate).
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for smelting, but, in addition, a considerable amount of limonitic dust which is also

carried away in the subsequent process of cleaning the magnetite.

In dressing the ore the large fragments are crushed with a flat hammer,
« . ,

about 3 inches squaie, one man using the hammer, whilst

the fthei is continuously heaping the larger fiagments

into the central part of the pile. After sufficient material has been accumulated,
the crushed rock is winnowed by pouring out of a basket in a strong wind. The
heap which so forms is divided iifto four poitions, as shown in the accompanying
sketch-section. No. i, consisting of large pieces, is to be le-crushed. No. 2 is

Jlrrtrtvm qf mndi

cleaned of its quartz by sifting in a shallow basket similar to that w'hich is used

for separating rice fiom the husk and for sifting coffee to remove the imperfect

berries. Towards the end of the concentrating process the fragments which find

their w»ay to the lip of the basket are compound grains of quartz and magnetite

;

these are dropped back upon the pile for le-crushing, instead of being thrown away

with the quartz waste. When the magnetite is well concentrated, it is taken in this

state to the furnace, but has still to the re-crushed and sifted before it is fit for smelt-

ing. I'his last piocess, however, is carried on near the furnace. No. 3 of the win-

nowed pile is composed of fine grains of quartz and magnetite, and the concentration

is brought about by washing in the river. 1 he woikeis are, from practice, evidently

^ ^
au^a re of the fact that reducing the specific gravity of each

as mg e ore.
mineral by i gives the magnetite a grer.lcr proportional

weight over the quartz, for that of course is the principle on which they adopt

washing in preference to sifting for the finer particles. Section No. 4, consisting

almost wholly of limonite-dust, is rejected as useless. •

The process of smelting for wrought iron has been so wtfll described by previous

writers that I will add no more in the present preliminary

Steel manufacture by report. But the manufacture of steel is so altogether

de-carburisatiou. distinct in principle and practice from any native process

which I have seen described that I will give an account

of the operation which 1 examined in one or two places. In 1840 David Mushet

published an account of his elaborate experiments on the samples of wootz, sub-

mitted to him ^
; and, in referring to jVTr. Heath’s paper to the Royal Asiatic Society,

he was puzzled at the two kinds Of Steel wfiich were brought to England from India.

The steel was sometimes brought in the f^rm of conical ingots and sometimes in

fiat, round cakes. The former kind was ifevidently the ordinary wootz, as still made

in crucibles in Ttichinopoly. The latter kind is now made in the Salem districts

but by a p(f0Cess quite different from that of the crucible wootz. Heath, in his paper,

Pa£>ers on Iron and Steel, 1840, p 650.
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seems lo have overlooked the latter process, and, as far as I am aware, it has been

generally left out of desciiptions of the native smelters. The conical ingots of

woolz are made by the carburisation of wrougaf iron in crucibles^ the principle

which was not applied in England until 1800, and which governed the later patent

of Mackintosh, and since modified to the modern cementation process for the con- .

version of bar-iron into
” ** blister steel,” and in “ case hardening,” The flat cakes

of steel now being made in the Salem district aij^e, on the contrary, produced by
the partial removal by oxidation of the carbon in cast iron, as in the open-hearth

finery of Styria and Carinthia, and in the ordinary puddling of pig-iron. former

material is made by carburisation and the latter by de-carburtsaiion. Xl^e following

is the process as now carried on :

—

In the manufacture of wrought iron, certain easily fusible beads of iron are

produced and melt off as shot. These are in reality highly

Carburised particles, or cast iron, and it is from these that

the steel is made. The shot are first pounded in a stone

mortar with a wooden pole guarded with an iron ring—the olakai, used for pounding
rice. By this process the small particles of slag adhering to the shot are removed,

and the cast iron receives an imperfect polish. The powdered slag-material is

separated by sifting in the ordinary manner in a moram, or shallow basket. A
hole is dug in the ground about one foot deep and about one foot in diameter. At
one side a semi-circular groove is excavated from the surface to the bottom of the

pit. A large cake of soft clay serves to divide this small excavation from the other

part of the pit, and the smaller chamber serves as ihe ^finery in which the steel is

made. The bottom of this is first covered with a layer of dirty quartz obtained from

sifting the crushed ore, as described in the process of dressing the magnetite for the

furnace. There are generally pieces of magnetite adhering to this quartz, which fact

accounts for the “ orey particles ” in the cakes of steel produced, and which so

puzzled Mushet to explain, and from which he concluded the steel must have been

produced direct from the ore. On this hearth of quartz an ignited coal is placed and

the small efiamber filled with charcoal. A tuyere, previously built in with the clay

partition, points downwards at an angle of about 45° and receives the nozzles of two

goat-skin bellows, by whicl^ a continuous blast is maintained. The shot are first

wetted and thrown upon the charcoal, the amount used being governed by pure

guess-work as in the wrought-iron smelting. The blast is continued for about h^lf

an hour, when the process of decarburisation is complete, and the tuyere

clay-partition broken down for the removal of the steel-cake, which is fifsjt slighUy

cooled by a dash of water and then hammered to remove the casing of slag which

has formed around it. I have secured several cakes of this material, and hope to

subject, them, as well as the cast-iron shot emploved, to experimental teats in the

laboratory. The workers are quite aware of the fact that if they continued, the pjro«
,

cess too long, the resulting product would he of no more use than ordinary wrought

iron, although, of course, theyd^ not know*^^ that the removal of the carhop, whlioh;

gives the steely properties to iron, is, the resulj^of continued oxidation. TIjp cplitsp

of steel which result are- sold for 4 or 5 annas each. (See Plate II.)
:

ji v

It seems curious that thpse pariahs should adopt this interestiihg

for the manufacture of steel, whilst the typical wootz is nMide in such an totirelj^
j:!

different manner. They priolessed ignorance of any method other than that
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they now employ, and they have been carrying on this method as long as any of

them could remember. Regarding the conservatism of these people as a constant,

one might suspect their industry to be of independent origin and they of a different

caste from the wootz-makers still at work in South Trichinopoly. It will be inter-

esting to cross-examine the wootz-manufactiirers on this point.^

In the Salem district smelting of iron is confined to the Salem, Trichengode and

Attiir taldqs, the work which was formerly carried on in the.

sn!e?ting ircarrieron.**
Namakal, Cttankarai, and Hosur having been given

up as profitless. At most of the places where smelting has

been, or is bf»ing, carried on, I noticed large heaps of ashes and slag, sometimes 10,

15 and 20 feet high, with, in one or two cases, trees of one foot or more in dia-

meter growing on the heaps.

During our visit Dr. Warth and myself found and examined smelters and their

furnaces in the following places :

—

(i) Salem TAi.iiQ.

Ndmagiripeil.—Several slag-heaps and groups of furnaces for the manufacture

of both iron and steel. Ore is obtained from one of the outlying low hills of the

Kollimalais, about 3 miles south-east of the village. Fuel was obtained from Kadi-

ampatti and Mullu-kurichi forests, about 10 to 12 miles from the furnaces.

Perumapalayam
y
about i J miles north-east of Karipatti. A large slag-heap and

the remains of two or thte§ furnaces. Smelting carried on last a year ago, when ore

and fuel were obtained from Godumalai, ^ mile from the village. When the work

was in a more flourishing condition, ten years ago, fuel was also obtained from Thai-

malai, a distance of aj miles.

Ttrumanury 7 miles south of Karipatti. Ore obtained from 2J miles north of

the village. Charcoal from wood in the forests around the place. One furnace

working ; the remains of others standing.

From enquiries, I heard there were smelters at work in the following additional

places in this taldq :

—

Konganapuram^ 7 or 8 miles west of Kanjamalai, which is the source of the

ore. *

Vanav&si and Soragai, both places near NangavaUi^ 21 miles north-north-

west from Salem vid Taramangalam.

Twenty or thirty workers are said to be still smelting in these villages.

(2) AtttJr TaltJq.

AtlAr.—A slag-heap with remains of six furnaces for wrought iron. One for iron

and one for steel still at work owned by one Sanyasi Pariah in Kattyakara Street.

Ore is obtained froip Mdragathdmalai, 4 miles west-south-west of Audi, and fuel

from a distance of 6 miles.

Thoniaroyapuram or M^hapallv$r^ 4 miles west of Attdr. Three furnaces

wt^ked iox the last time in January 1S92. Ore from Muragathdmalai, 1 mile to ih^

aonlbi^eitab Fuel from same range of hills*
'

\ \
''''

*'

this was writted I have examined the makers of erucible-woots in South Trichinopoly

they are of the Karutnan caste. A description of these workers is given in a separate

teport-r. ff. H.
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Mathurfi.u, 3 miles west of Malllkafai. On account of the present scarcity

work stopped for a month. One smelter was about to make a bloom at the time of

my arrival, and, on its completion, I bought it for 5 annas. He said the ore was
obtained from the Godumalai and fuel from Poonamalai, i J miles from the village.

Keerapatii^ 2 miles south of Mallikari. Smelters worked up to February 3rd,
’

1892, and find it, at this time, more payable to do cooly work, principally in cutting
firewood. There were fivejurnaces on a slag-heap 2 feet high. The working has
been carried on in the place little over two years, the smelters having came from
MalhurdtiS, Nahempatti, and Meykapalliur. Charcoal obtained from V^akumba,
2\ miles east. Ore from Nahempatti, 4 miles south, f

Nahempatti, on the road to Tammampalti. Some ore may be Obtained close
to the village, and more 1 mile to the east in the Parmamalai. Charcoal from
Taletalai kaidu, a distance of 4 miles. Slag-heap, 10 feet high. Landed magnetite-
quartz schifel is used here for road-metal.

Tammampatii,—Five good furnaces, but none of them worked forqearly six

months. Slag-heap 15 feet high. Ore from Parmamalai, 2J miles north-east of

furnaces, the ore which occurs within a mile to the north being neglected.* Fuel
was obtained from Vdldkumba forest, 2 miles west.

Chendarapatti, 2 miles east of Tammampatti. One furnace at work. Ore from

5 miles east, Kudiimalai. Slag-heap 10 feet high, with remains of four other fur-

naces.

Tukhiampa^ayam; 2 miles north of Valaipddi. Three gSod furnaces and remains

of eight others. The only variation I have ever found in the shape of the furnaces

w'as the use of a square and more strongly built base at this place. Ore brought

from the Godumalai in the Salem taluq. According to the statement of the pariahs

charcoal from 10 miles.

Smelting is not now carried on at Ndrakanar, 6 miles north-west of Tammam-
patti and KadamhUr, 7 miles south ot Attiir^ localities in which a thriving industry

was formerlv carried on.

(j) Trichengode Taluq.

In the Sankaridrug division, ore from Kanjamalai is still smelted by pariahs in

the following villages Valayasettipalayam, Konganapuram, Iruqaluruttapalayam,

Padavedu and Ayigoundenpalayam. In six other villages, where the industry

formerly flourished, it has now died out.

The workers unanimously say that the increased price of fuel has been the cause
* of reducing the industry, and many of the workers have lately stopped on account

of the present scarcity and consequent small demand for the iron for implements.

Although this cessation of work may be only temporary, it is possible that this

might in many of the villages be “ the iast*straw on a dying industry.

F7.—Fuel Supply.

For the production of charcoal the favourite wood seems to be the Winjai
(Albtzzia amara)^^ht (hsulay of Malabar. The timber is extremely hard and
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mottled with concentric, alternating light and dark bands. It is said to be ex-

tensively used for fuel on the locomotives in Salem. I have secureci specimens

of the wood and its
^
charcoal for the purpose of determining its calorific power

and other properties in the laboratory, and for the estimation of its ash. I have

,
also secured specimens of three other, but less favourite, woods used by the

pariahs :

—

Semhalichan {Erythroxydon (^Sethid) indica), a dark-brown wood.

Nekani {Canthium didymum)^ a small tree with hard, grey wood.

Woodavai Adave of Manual) (Grewia rothia).

Details concerning the supply of fuel available from these forests have been sub-

mifled to the Madras Government by the late Acting Forest Officer, Mr. W. Carroll.

7'his information has been conveniently arranged with reference to the main groups

of iron-bearing beds, following the classification of Messrs. King and Foote, and
divided between the taluqs of Salem, Attur, Namakal, and Uttankarai.

In the Salem taluq, from the 47,800 acres of available forest, ]\Ir. Carroll

estimates from a clean felling 11,472 tons of timber, which would produce 2,699*3

tons of charcoal—sufficient probably to manufacture 830 tons of iron, A partial

clearing of the forest would allow of little less than half this yield.

In the AitUr taluq, the yield of timber is estimated in the present state of the

jungles to be 833 tons per annum—a quantity sufficient only for the manufacture

of 58 tons of iron.

In the reserved portions oi Namakal laMq a partial clearing would give 2,816

ions of timber— sufficient fuel, when converted into charcoal, for smelting 220 ions

of iron. To this must be added a probable yield of 2,550 tons from the unreserved

portions, giving 196I tons of iron.

Ullankarai laMq zxi available forest, reserved and unreserved, of 31,946

acres ; this amount is within a radius of 5 or 6 miles from the Thirthamalai mag-

netic iron-beds. The reserved portions would, with clean felling, yield 7,000 to 8,000

tons of timber, and with partial felling, 4,000 tons—equivalent to about, 1,000 tons

of charcoal. The unreserved portions of 4,100 acres giving a yield of 2 tons per

acre would with a 20-years' rotation give only 410 tons of charcoal. Taking these

two quantities together we have sufficient charcoal iri Uttankarai to manufacture

433 tons of iron. The jungles lying east-north-east arfd south of Thirthamala

reserve would on the above rotation yield sufficient charcoal for an additional 192*3

tons of iron.

We thus have in the vicinity of the iron-bearing beds sufficient timber for the

following yield of iron per annum :

—

Timber. Iron.

Salem tel4g . • . < • . , 5,736 tons. 400 tons.

At{4t 00
•• S8

Admakal . • • . » . 5i3^^ »i 416 •(

VUankarai • ,
• • • • • 3,140 ,, <5*5 .1

Totai. . 30^075 l.4S»
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Statement showing the fungles bordering the Iron beds of Singipatti, f/r,—contd.

Name
of

group.
Names of Jungles.' Extent. Remarks.

.S-rf

O Z
X

I

S E
.-2
bog
S a.
CO

M

<

'v

\

1

2. In addition there are several patches of unreserv-
ed land containing very poor growth, so that the fuel

for the working of this group will have to be drawn
from the reserves noted. The first two have already
been entered in the statement for Salem taldq. The
Vjther ** Manmer ** contains very little growth and will

not yield more than i ton of fuel per acre. The
slopes of the Periakalroyan are a little farther off,

but I don’t think it would pay any company to get
their fuel or charcoal from these, so that the Goda-
malai and Jallathu reserves are the only two from
which fuel to a limited extent can be drawn.

1
6
ci

tl

Nil.

1

Nil.

There is no mention made of this bed in the District

Manual, probably owing to its being so very insigni-

ficant, but as iron ore is to be had there I have
entered it in this statement. The range of hills

through which the bed passes is unreserved land,
but has been marked off as one that should be
reserved- The growth within 2 or 3 miles of the
locality mostly consists of scrub fit only for fuel.

The extent (approximate) may be set down at

5,000 acres and the average yield at 2 Ions per
acre. If worked on a rotation of 12 years which
is sufficient for the regrowth of Thuringe {Acacia

atnara)t the yield "per annum will be— -- —» 833

tons or sufficient to manufacture a little more than
58 tons of iron.

Statement showing the number and names of the Magnetic Iron-ore beds within the

Ndmahal taluq, the Forests nearest to them, and the probable quantity of Fuel to
. t ^ ,1 A *

be hadfrom them, tic.

Name
and
No. of
group.

Name of Forests.
Exteflt

in

acres.
Rbmarks.

s

Karavalli Kombai,
R. F. No 2.

Jambuthu, R. t* No.

3. c
Pulujanshoiaiy R* F.

No. 4*

8,75°

a,617

S.S30

The reserved and unreserved lands noted here form
the whole of the Kollimalai range of hills in the NA-
makal taiAq which, if worked on a rotation of 30 years

win *admit of 1^13 acres being felled over

ani^iy.
“Tb^^rst three, aggregating close on 17,000 acres,

nave been reserved under section 16 of the Act,
white the others are still unreserved.

The growth is very dense in parts and the average
yield may be safely set down at lO or 12 tons per

. -V,..

'
'

'
: V ' Total

' *

1'

t6i9O0
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Statement ihowing the number and names of the Magnetic Iron-ore hedsy etc ,

—

cofitd.

Name
and
No. of
group.

Name of Forest.

Extent
in

acres.
Remarks

d<
p

Unreserved lands of

the following

nods
Selur nod .

•

6,000

acre and from 5 to 6 tons if a partial clearing

is made. Taking 5 tons as the outturn, the yield

will be for the Reserved Forests -^'^^--^*2,816,

2 Thevaniir nod . 5,000 which, when reduced to coal, will give a little over
bA Thimmanur nod

.

2,000 700 tons. This quantity will suffice to pfoduce nearly
c4 Vallapur nod 2,000 220 tons of iron. C
i Arur nod . 3.500 The unreserved oortions, if also worked on the same

*0
Sundar nod 5,000 rotation, and if 3 tons per acre is set down as the

average yield by partially working them, the outturnValluna nod 2,000

i •
1

/2i;,<;oo \ 2,550 13 2,550 4

will be ) **=-T*~* = -4

a
B

Total
j

25.500
tons of iron, or in all a little over 400*tons per

(C

s GRAND TOTAL . 42,400

annum.
As from the District Manual, I find that the iron*beds
are spread over ‘'the whole area of the Kollimalai,’*

4 all the extents noted will be within easy reach of the
workings.

The Belukurichi ridge, alluded to at page lOi of the

Manual, lies within Mitta limits. The nearest Gov-
ernment jungles are on the western slopes of the
Kollimalai, uhich, if worked, will be able to supply
sufficient fuel to turn out at least lOO tons of iron

annually.

Statement showing the nutnber and names of the Magnetic Iron-ore beds within the

Uitankarai taldq, the Forests nearest to th€?n, and the probable quantity of fuel

to he had%from them, etc.

Name of Forests.

Extent
* in

acres.

Thirthamalia, R. L.

78.

Veppampatti, R. L.

79.
Poyipatti, R. L.'75 .

Puvampatti, R. L. No.
50.

11,046

8,640

3.488
4.67a

Total 37,846

Unreserved lands of

the following vil-

lages I—
Eudalur . ,

•
1

soo

Of the forest noted in column 2 the fourth known
by the name of “Puvampatti” has been declared a
Reserved Forest unde^ section 16, while the first

three are under settlement, and will ere long be also

reserved under above section of the Act.

Their total area (approximate) is 37,846 acre5«»43*5
square miles.

The remaining nine extents are unreserved lands aggre*

gating about 4,100 acres, or 6*^^ square miles, so that

the total extent from which fuel may be had mikin a
radius of from 5 to 6 miles of the Thirthamalai

magnetic iron beds is 49 9 square miles, nearly

32,000 acres.

The reserved forests contain far better growth than

the unreserved .portions. If the former are worked

on a rotation of 20 years, •they will allow of nearly
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Sledtmtni showing the number and names of the Magnetic Iron-ore heds^

Name of Forest,
bxtent

in
acres.

Peria Pouni Ma- 800
duvu.

Srima Puuni Ma* 800
V duvu
\Calla vudicham- 1,000

palti.

TaVbal . 300
MaMsingambadi

1

200
Aiidiyur ^00
Mondukuli 1 100
Alambadi •

1

200

Oroup,

,

No, and RSflARKC.

Total

GRAND TOTAL .

4,100

31.046

1,400 acres being felled annually. If a clean felling

ib carried on, the annual yield will not be less than
from 7,000 to 8,000 tors of fuel On the other hand,
if only a partial cleaning is undertaken, that ii, alter
reserving all good timber, trees and saplings of good
description and straight growth, then the yield wi 1

probably not be more than one-half the above figure,

or say, 4 000 tons As 4 tons of wood are required
to give one of charcoal, the outturn of that product

will be-l2^2^«K 1,000 tons. This quantity will admit
4

of producing a little over :t07 tons of iron {^tde re-
marks on page 99 of the Manual),
The unreserved extents, aggregating 4,100 acres, also
contain in parts very good growth. The average
yield per acre may be set down at 3 tons, that is, it a
clean cutting is made, otherwise about 2 tons only
taking the last figure for the purpose of arriving at the
quantity of fuel that may be bad, and working the ex-
tents on the same rotation as noted above, we will get

-» 410 tons per annum; this quantity will

allow of a little over 126 tons of iron being made, or
a^ total of 433, or, nay, 440 tons annually.

If jungles lying 2 to 3 miles east-nurth-east and south
of the present Thirthamalai reserve are also worked
for fuel, on the above rotation, from 2,000 to 2,500
more tons may be had annually, which produce

192 3 tons of iron*

W C\RROL[.,
Acting District Forest Office^

G Stores,
Collector m

The luxuriance with which Casuarina grows in suita|>le places exposed to moist

CdsuarlAa and blue-
Nelloie, Chinglepuf, and South

gum plahWlons. 4rcot, will possibly, according to Sir D, Brandis, be a

^

means of reducing the price of fuel sufficiently for its prodt-
into charcoal.1 He makes similar remarks concerning the fast-

Sdpciiyptus of the chills* Allhougb the increased yield per acre of timber
will undumbtedly bring down the ptice, I do not think it is so

thiit t*eeii Uke Casudeina and htue^gnm will produce timberMM M WJtlioitt awib» tb?y wDuJd ttpho^ M fwel f6f
ttoMM aflf* M imd tp be auitoble for

Mh Ml df tinWMM prpdM beebfoes reMd.
M dM Mcoel fpr upelting

*

/MIimwIi WwMWa Intbe Mki. By piqforieBcie

Ih* MMlh qttfiaiUea <tf tlfo

WM# fo ll»M iMfoey (M). f- 9^
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woods,—iVdA tb^njah samhalkhan^ ne^ant, and oodavat\ and of these they siiow^ in

the Salem ' district and in Malabar, a distinct preference for the first two. The
utmost we know of these woods is that they are all hard, close-grained woods ; but,

as to any other properties which give them their excellent charcoal-producing quali-

ties, as yet we know nothing.* The fact that they are all hard and comparatively
.

slow-growing woods, suggests the conclusion that these are desirable properties

probably on account of (1) the firmness of the carbonised product, and (a) the

small percentage of ash which slow-growing woods generally leave on ignition.

If in general, slow-growing woods produce the best charcoal, we hav^he prob-

Relation between
choosing between annual yield^on the one

annual yield and quality hand and quality of product on the other. J do not, how-
o£ charcoal. ^ver, conclude from the mere fact of the native smelters pre-

ferring these hard woods, that only such wood gives the best kind of charcoal. As
1 have before stated, we are m comparative ignorance on the subject, because, as

far as 1 know, no experiments have been made as to the amount of ash, calorific power,

strength of product, or other properties, which are the test of a good charcdal. If it

can be proved that Casuartna, and fast-giowing trees in general, possess the charac-

ters of good charcoal-producers the course to pursue is obvious. To show this

IS the problem, and I am confident that it is one most easily and inexpensively

solved. For this purpose I would suggest that a collection of the principal •South

Proposed collection of
timbers be made, say four or five samples of each

certain South Indian kind, selected from different localities, and that the ash, the
tinnbers for determina-

calorific intensity and power, and quality of the charcoal
lion o as ,

e c.

produced be determined. The facts are -of the simplest

possible nature to ascertain, and the data so obtained will stand without question

or modification as a permanent guide in the selection of a timber which combines,

with a large annual yield, a suitable charcoal for smelting purposes, and, what must

follow as a natural consequence, a good fuel for locomotive and domestic use.

Combined with this addition to our knowledge, it would be a decided advantage

Styrianand'American if an officer with a sufficient metallurgical training, could

charcoal-burners and pay a short hot-weather visit to some continental or Amcf-
smeiters.

iTon-smeliing locality, where charcoal is used (as in

the Styrian process, which^most nearly resembles that of the Salem steelmakers),

for the purpose of examining the particulars of the processes, both of charcoal-

burning and of iron- and steel-manufacture, and to collect either specimens or data

of the fuel for comparison with the Indian timbers. A metallurgist, who has learnt

his theory and practice in England, having paid exclusive attention to factories

•worked with coal alone, feels incompetent to give reliable advice on the nature of

the timbers to be gtown, Or methods which are likely to be successful in irOn-smelting

wiOt charcoaUfueL Experiments on the native processes will be tedioha^ as well as

kndnwhilfet to any ooe tsho has an eleaient**

tivl’pwSsSr*
^ ^ aoi|naitttanee arlth the principles and practice of miUU

htiffyi the native methods of t)(»h chai^eoaUu^nini andl

iron-snioiting are wasto^l of otaterinl and tmciftain iei rasuHi I would wnfk 4et

ci4M\y not recommend Adoption of my improveMOm suggeated from mem
ammaintimm wHh theormiOal A simple visit to a^chmooal^bawiOfitF ahd

loeatitgr wilt enS|d04 itb the advice wMoU softie opca

D
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for all the question as to the possible development of the enormous iron-resources

in this presidency
; and considering the amount of money already lost in aiding

unsuccessful companies, it will be a most profitable way of spending a hot season.

In this, of course, I am taking for granted, as 1 believe it to be the case, that the

use of coal for the Salem ores is quite out of the question. The only hope, as far as

I can see, is the employment of charcoal of the right kind, and with the most

economical process.

Hitl^rto the only data of the above nature, as far as**! can find, on Indian timb-

ers are the instructive results obtained by* Dr. H. Warth in

ashesr
* the examination of the ash of twenty-six woods ; but these are

principally of more northerly growth.^ Although Dr. Warth

gives only the amount and composition of ash of these timbers, the results are

sufiScient to show the wide variation there is between the relative qualities of these

timbers as fuels, and in a quadruple degree, as charcoal-fuels. Baubima Vahli,

Slow-b rnin timber
Maljhan^ gives for example an abnormal ash of 1174

ning im er.

cent., and its very slow-burning properties make it just

a convenient log to inspire the story-telling fakir 1 The ash, of course, not

only affects the rate of combustion, but, from the specific heat of the inorganic

material, is a considerable source of loss in heat, besides, in iron-smelting, intro-

ducing bases which have a decided effect on the quality of the iron and steel

produced.

In his exhaustive report on the Forest Administration in the Madras Presidency,

Sir D. Brandis details the evidence which leads him to

posalo£*Ca5«aW«a and
forests may be developed greatly to the

Eucalyptus plantations, advantage of the iromindustry, but before cultivating, as he

advises, the fast-growing Casmrina and blue-gum, 1 would
suggest the precaution of ascertaining whether these, or what, trees are capable of

producing a suitable charcoal for iron-manufacture ; and, for this purpose, it is

necessary, as Dr. Brandis reiterates in many places, to

attach a competent metallurgist who has had* practical ac-

quaintance with charcoal iron-smelting, either to the Forest

Department or to the Geological Survey in Madras. . This

might easily and inexpensively be brought about in the

manner indicated above, and my remarks on Kanjamalai are, I hope, sufficient to

show that we are by no means sufficiently acquainted with the mineral resources of

Salem to allow of an unqualified condemnation of any attempt to develop Us
immense iron-deposits. .

Dr. Brandis' proposal
to attach a Metallurgist
to the Forest Depart-

' ment or Geological Sur-
vey.

Vil-'-^Contlufions on the questions afecting the development of the

industry,

Tbe condition^ which will aSect (he possible development of the iron-manu-

fectttiing industiy in the Salem district ma^ be wnnged under the following

iaads;— .
*

(/) Jtemrm i/irotHUrt,

of NMutat Selencw for the use of .todent. In the Pereit School, Ochre Dun,

Chleiiiiit, 1884 Plated. >89.
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(^) Supply of auxiliary ores

(a) Chromium.

(3) Manganese.

(r) Titanium.

id) Aluminium.

(^) Tungsten.

is) Fuel supply,

{4) Smelting methods,

(5) Bye^products,

(6) Markets

For the reasons detailed in the preceding pages I beg to subiiii/the following

conclusions and suggestions under these heads :

—

(/) Resources of These are without question undoubted in quantity,

and I may Say also in quality
; but a statement of the exact amount of iron yielded

by an average sample of ore I hope to embody in my final report, togethei; with the

results of a careful search for phosphorus, sulphur and other elements which have

such a pronounced effect on the quality of the iron and, especially, of the steel

produced.

(2) Supply of accessory ores—
id) Chromium,—The great and increasing demand for this metal as an advan-

tageous addition to steel has been indicated in a previous page (p. 140).

I have recorded, also, my reasons for the probability of additional

occurrences of chromite in the Salem district, and would suggest

that a search for this mineral be instituted at the north-west base

of Kanjamalai and in other localities which present the petrological

characters already stated as favourable to the occurrence of this mineral.

(3) Manganese,—With regard ta this mineral there is no definite evidence to

offer as to its occurrence within the limits of this district, beyond the

• fact of its frequent association with, and sometimes in, iron-ores.

Chemical examination of the specimens collected will throw some
light on this question.

ic) Titanium,—Nevoid's discovery of this metal in the iron-ores of Salem

suggests a lareful search for its minerals. It has been pointed out that

the metallurgical advantages arising from the use of titaniferous iron,

ore are as yet doubtful, but they seem to bear more on the conditions

of smelting rather than any alloyed product^ide p. 139). They are used

largely in Sweden and in Ontario with minerals of the same nature, and
obtained from the same class of metamorphic rocks, as those ol Salem.

id) Aluminium,—^The deposits of corundum have long been known. Should

a cheaper fmethod of manufacture be invente^, or some natural

iburce of power, Uke falUngr water, be employed with present mh^ods,
as recently suggested by liCr. A. ChattertoA, the Value of this i^eital.

though questionable as an adfvantageous introduction tO kteel^

for othcdr purposes; undoubted. The very high price of

lUid thO dmhaad this nsefiil metal from its

• '

,

’
'

^

' The dcfUMidlor veil Mfntntd t. «dl (or ramuli tfn ijihit
'

. ’ •
'

Vt
»" '
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properties, bound to secure, make this point decidedly worth attention.

I would call attention to Mr. Chatterton’s scheme for utilising the

great water-power of South India for the manufacture of aluminium,

and at the same time suggest a careful survey of the valuable corun-

dum-deposits of the districts of Salem, Coimbatore, and North Arcot,

as well as Mysore ; and that a further search for the minerals cryolite

and bauxite be made. Lacroix’s paper in Volume XXIV of the

Records of the Geological Survey of India proves that we are as yet

unacquainted with the variety of minerals in the crystalline rocks of

V Salem, and he has esp4cially offered some suggestive points on the

\paragenesis of corundum.

{c) Tungsten.—This metal is occasionally used in steel to impart hardness

to the alloy, the steel taking a fine damask According to Vosmaer

it is often found in wootz. This is another point to be decided by

chemical examination of the specimens.

With regard to the whole question of the alloying of iron with the metals

referred to above, it may be remaikcd that the recent discoveiics of

Hadfield, Roberts-Austen, and others of the remarkable properties of

iron-alloys indicate a probability of considerable development in this

respect.

(j Fuel supply ,—As the supply of coal seems to be out of question, the fuel

must be entirely charcoal*. Under this head has been given a summary of our present

knowledge concerning the kinds of timber preferable for the manufacture of char-

coal for iron-smelting, and for ordinary fuel on the railway and in towns. 1 have

also given reasons for suggesting the determination of the ash, calorific power and

other properties of selected South Indian timbers as necessary preliminary data for

carrying out Dr. Brandis' suggestion of increasing the yield by Casuarina and blue-

gum plantations. The suggestion of Dr. Brandis to attach a metallurgist, having

practical acquaintance w'th charcoal iron-smelting, to the Forest Depanment may,

I believe, be most inexpensively carried out by deputing an officer for a few months

only to the charcoal-burning and smelting localities of Styria or America, for the

purpose of examining the processes of preparing the charcoal and smelting the ore in

a manner which has proved to be commercially successfuV. Such an officer will be

able to apply the experience of the charcoal-burners to the facts obtained in the labor-

atory as to the value of the different woods for iron-smelting, and to offer advice which

ought to settle the question, once for all, of the practicability of (<z) forest develop-

ment, (4) charcoal-burning*and its bye-products—pyroligneous acid and the results

in genital of dry, destructive distillation of wood, (c) improving, or replacing by

European processes, the native methods of smelting, and (d) the utilisation of the

acceeeoiy ores of chrominmi manganese, titanium, aluminium, and tungsten.

(4) SmelHng ptesent^mode of native smelting is attended with

an enormous waste of hoM, ore and labour in the blast^produdng. In estimating

- the fmnoo-ohnrge by pure guess-we^rthere is not only a waste of material, but a

Idghly d^Mnfnie^ uncertainty of result. Although manufacture of wrought

ifofr direOt process is open to many drawbacks, it must be admitted that

the llllil M ebsreqelf on*account of its regular purity, removes one important objec-

vm MMin&tcWn of Bteel by the Weliminary oiodoctios of pk-lrOn in small
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furnaces has been suggested by Dr. Warth, and, according to Mr. Heath, some such

process wsfls at one time employed by the natives
;
but none of the present pariah

workers seem to be acquainted with the practice.

Without doubt the absurd blowing apparatuqt can be im\)roved with advantage,

and numerous other improvements suggest themselves to any one acquainted with

metallurgy, but I would strongly urge the importance of not tampering with the

present methods except under advice of a metallurgist who has seen something of

charcoal iron-smelting in addition to the educatibn \^hich an English metallurgist

receives in places where coal is the only fuel employed.

In mining and dressing the ore the native methods are even les^ Economical

than in the smelting. Because of their friability decomposed pieces ty ore only are

selected, and from these a large quantity of limonite and quartz has to be separated*

whilst richer ore, on account of its superior hardness, is rejected.

Madras, February iSga,

On the Occurrence of Riebeckite in India, by Thomas H. Holland,

A.R.C.S,, F.G.S., Geological Survey of India,

In i88s Professor T. G. Bonney, in a paper to the Royal Society describing

a series of rock-specimens collected by Professor Bayley
History of riebeckite.

Socotra, referred to the occurrence in

one of the granitoid rocks of a mineral which, whilst piesenting many of the

characters oi members of the amphibole-group, he, apparently with some hesitation,

referred to tourmaline, regarding it as pseudomorphous after hornblende

In 1888 the same author described “a peculiar variety of hornblende from

Mynydd Mawr, Carnarvonshire," which in general appearance and in optical charac-

ters resembled the Socotra mineral.* He classed this mineral with the horn-

blende-group, and on account of a communication from Professor Sauer of Leipzig,

who had isolated and analysed a similar mineral, referred it, apparently not withojut

some misgivings, to arfvedsonite (cf, footnote, op, cil., p. 106).

Independently Mr. A. Harker had been studying the Mynydd Mawr * porphyry,*

and had also described the peculiar blue mineral as hornblende.’

Professor A. Sauer of Leipzig noticed amongst a seiies of rocks collected by

Dr. £, Riebeck, on the island of Socotra, the blue mineral previously mentioned by

Professor Bonney^ From its optical characters and from the chemical analysis of

the isolated mineral, Sauer, independently of both Professt)r Bonney and Mr. Harker,

referred it to the hornblende-group as a new variety under the name of riebeckite,^

It seems that, whilst this mineral in many respects resembles arfvedsonite, it

differs in the fact that most of the iron entering into its composition exists in fer-

rous combinations,’ and It appears from Rosenbusch*s description,® that the axis of

» Phil, Trans,, voL 174 (1883)* p. 283, and p\, VU.
* Min, Mag,, voL VIU, p. los •

• Geol, Mag., dec. HI, voL V (1888), p. 225.

* ZaiUckf, der Dsutseh, gaol. GaseU., vol. XL (tSSSh PP- i38-Md.

• Ibid., p* 143*

.

® V61VI., pp. 143 and. 144*
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optical elasticity which makes an^angle of 5^ with the vertical crystallographic axis,

c, is a and not 7, as is usual with the amphiboles. In this respect, as well as in the

condition in which the iron exists, it resembles segirine of the augite-group, and
thus contributes to the completion .of the parallelism between the amphiboles and
the pyroxenes.

Since the publication of the above-mentioned researches, riebeckite has been
recognised in a Corsican granulite by M. U. LeVerrier, ^ and in a rock from Colo-

rado, which M. A. Lacroix wouM regard as an elseolite* syenite in which the quartz

replace^iepheline in a micro-granite from Ailsa Craig, by Mr. J. J. H. Teall ;
*

in eurite-jJbbbJes found by Mr. P. Fh Kendall in the glacial drift of the Isle of Man
and on MoeW-Tryfan by Professor Grenville A. J. Cole.^

The present note records the occurrence of this interesting mineral in India,

The rock in which it occurs was discovered by Mr P. N. Bose as an intrusive boss

in the slates of Daling age ^ between Song and Tikobu, Southern Sikkim.®

It is a compact, fine-grained rock, almost slate-grey in colour when fresh, but

weathering to a pale brown on exposure. Its specific gravity is 2’78.

Under the microscope thin sections exhibit quartz, orthoclase, microcline, oligo-

clase, biotite, riebeckite, sphene, zircon, magnetite, titanoferrite, and, perhaps, apatite.

The riebeckite occurs in crystals seldom exceeding ’034 incli (*o8 cm.) in length

. and, more rarely, as much in diameter. From the way in
ptica properties.

^hich they have been interrupted in their growth by neigh-

bouring quartz- and felspar-crystals, they rarely present recognisable idiomorpbic

outlines, but frequently exhibit a feeble attempt at ophitic development. The optical

characters and the characteristic cleavage of amphibole (see figure) demon-

strate satisfactorily the identity of this mineral with Sauer's riebeckite. The

pleochroism is

—

a, indigo-blue.

/3(=^), deep blue.

y, yellowish green.

Horizontal Section of Riebeckite,
I

» Ompies Rtndus, vdl. ClX (i8S9>, p. 38^

» tm., wl. ClX (iMlp), p i®.

,

* .4:il|||kiHtme#p|k iCc. P. R.. MiiJlettoft group of nA-metoaorphie locko in the

Artricit. Surv., /nd.f vol XI (1874), p, ia).>

CtifiF. 'Jw*'*.. vol. XXIV (1891), p( aaa.
_

•
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The attgle between the vertical crystallographic axis c and a gave 9® as an
average of twelve measurements varying from 7® 30' to 10*^,—the intense absorption

making the measurement of extinction a matter of considerable difficulty. This

result gives a wider angle than that obtained, by Sauer, who found that in the

Socotra mineral the extinction-angle was about 3

—

4°, whilst Rosenbusch gave it

as 5°.^ •

Almost every riebeckite crystal is opaque in the centre. This is sometimes due to

* , . . . L . -.L
a nucleus of magnetite around which the mineral has crown

;

Inclusions in nebeckite.
, ^

°
, 1 «

but occasionally this core is seen to be almost white by reflect-

ed light, and I could not decide whether it was due to original opaque inclusions or

to the results of secondary alteration. The fragmentary state of the crystals and the

large quantities of these opaque inclusions would make a chemical analysis of little

value, even should it be possible to separate crystals so small from other heavy ferro-

magnesian. silicates in the rock. Besides the larger crystals, minute lath-shaped and
rod-like crystals presenting similar optical properties occur in the matrix, and are

presumably also riebeckite-crystals. ,

The remaining constituents already enumerated make, with riebeckite, a rock

which might be classed as a graniiite.

As in all cases previously recorded, riebeckite appears as a constituent of an

igneous rock, and accompanied also by zircon and sphene. The mineral recalls in

some respects the beautiful crystals of glaucophane, which seem to occur, on the

^contrary, only as a constituent of undoubted metamorphic rocks.

In the granulite described by M. Le Verrier from Corsica, riebeckite occurs

associated with the zircon and titanium-bearing mica, astro-

phyllite ; in the Colorado rock described by M. Lacroix, it

is associated with astrophyllite and pyrochlore—a columbate

of lime and cerium. In this rock, found by Mr. Bose, and in nearly all cases hither-

to recorded, zircon- and titanium-bearing minerals seem to accompany riebeckite

.

This association with the so-called rare metals (whose habits are daily becoming

more familiar to mineralogists and chemists) seems to be a point worthy of at-

tention ; it seems likely that before long a mineral, more so than a man, will be

known by the company it keeps, and it will please the curious to discover the

qualification^ by which an entree is obtained to the select circles of Brevig and Frieda

erichsvarn in Norway, Rliask in the Urals, and, soon we shall be able to say, Salem

in Madras.

Paragenesis of rie-

beckite.

Coal on the Great 'ifenasserim River, Mergui District, Lower Burma,

T. W. H. Hughes, Superintenefent, Geological Shrvey of India.

The announcement of the discovery of coal on the Great Tenasserim River

prompts me to point out that many years agef, and soon after our occupation of the

Siamese districts which we had wrested from the Burmans, the existence of coal at

various spots on the Great Tenasserim River was made la\pwn.

• S aver { tff/., pp. 143 144.
®
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Amongst the first explorers of the country, the chief ones were Dr. Holfer in

1838, Captain G. B. Tremenheere in 1841, and Dr, Oldham in 1855. ,The latter

gives a list of places where coal occurred in the Great Tenasserim valley :

—

Heinlap, Hinlat,

Kanmapying, Kaw-ma-pyin,

Pawort, Pawfit,

Thatay-hkhyoung, Kyauk-mi-thwe,

and he describes the coal-seam that was worked experimentally in 1 843, and which

is allud^ to as the Thatay-hkhyoung coal. Kyauk-mi-thwe coal or Thendaw coal,

in the various publications and official papers referring to it.

The di^(^very of coal, therefore, this year is a re-opening, and is only so far

new, in that cc^l has been proved at another point.

It was deemed advisable, while carrying on prospecting operations for minerals

generally in the Mergui district, to furbish our information while the means for

doing so were at hand,—and perhaps by calling attention once again to the value

of the Tenasserim coal-field, afford an opportunity to mining venturers of satisfying

their ruling taste.

The coal tested by our party, crops out in the Hti-phan-ko stream, a tributary

on the right bank of the Great Tenasserim River, 24 miles due east of the town

of Mergui. Two pits were sunk on the seam by Mr. Alexander Primrose, who had

charge of the prospecting operations, and the section is, deacending-^

Surface soil, etc.

—

Coal o' 10''

Shale . . . , .... 2' o'*

Coal 2' 3"

Shale . .
3'

Coal 4' 6"

Total seam .12 7

„ coal . 7 7

The angle of dip is high, being as much as 32°. Direction, slightly S. of E.

Analyses of three samples, two (A and B) from the upper 2' 3" layer, and one

(C) from the bottom 4' 6" bed, have been made by Mr. T. H. Holland, Curator

of the Geological Museum, and the results are ^

Specimen “ A'^

...

specimen “

Moisture
t

JS ao io‘8o

Volatile matter . 30 08 2738

Fixed carbon . . . , 30 86 42’Sa

Ash; « . • ^ * , 93 86 • 19-32
’

/
‘

V WOO
mu*''

e
10000

Does not cake.

Ash, reddish brown.

m

”34

36'40

4327

8-99
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Specimen A.—Fissile parallel to the planes of stratification, the cleavage-

' planes being dull, possibly from films of argillaceous

material. Fracture across the bedding planes, rather un-

even, and, where carbonaceous matter is more concentrated,

feebly conchoidal ;
these surfaces exhibit a shining lustre.

Specimen B.—Similar physical characters to A.

Specimen C.—Breaks in all directions with a conchoidal fracture, the surfaces

invariably exhibiting a shining lustre. None of th^i speci-

mens soil the fingers, in this respect differing from most of

the Indian coals of younger age. j
*

The bottom coal (specimen C) is the one I would more particularly call atten-

tion to, as it is a hard jetty variety, well fitted to stand the wear and tear of

transport, and contains very little pyrites.

Trials “^vere made to test its efficiency in the Government steam launch

Mergut, and it gave satisfactory results, there being no difficulty with untrained

firemen in raising and keeping 95® of steam on a long course. There was a

little clinker.

The commercial value of the Tenasserim field depends, as I am aware, upon

questions other than those of the mere quality or quantity of the coal, but it is a

strong point in its favour when the coal is above the average Indian standard, as

this is.

The locality in which it occurs is unfortunately situated for labour transport

and shipment, disabilities representing a less profit to lessees. But I think the

following estimate will cover the charges for one ton of coal at the pit side, on an

out-put of 10,000 tons a year

Labour # • • . • . 2

a.

8
A
0

Stores ..... . . I 0 0
Establishment and supervision . . I 0 0
Haulage and contingencies . . . 1 0 0

Royalty ..... 0 4 0

• R 5 12 0

Transport to Mergui, R 2-0-0.

A market other than the local one must be found. Two exist, in Rangoon and

Penang, in both of which there would be a large sale for a good steam coal at low

rates.

What I have written is simply to recallthe fact that there is coal on the Great

Tenasserim River, and it rests with those who may be inclined to embark in coal-

mining to make such parsonal investigatipns as will satisfy |hemselves that the,

prospects of success are promising or otherwise.

The quantity of coal is abundant ;
and bO soon as the map prepared this season

by the Topographical Survey is issued, the fS’Oximate bojundaries of the field will

be marked, and a fuller paper with a coloured map will be published.

#

T. W. KT. HUGHES,zst July, /Spa.

,
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GEOLOGlCv\L SURVjEY OF INDIA DEPARTMENT.

TRUMONTHLY NOTES.

.

No. 13.—Endimo 31ST July 1892.

Director's Office^ Calcutta^ 31st July i8ga.

The Director, Dr. W. King, having taken privilege leave from the 24th of June

last, Mr: T. W. H. Hughes has been appointed to officiate during the Director’s

absence.

In the present number of the Records Mr. Hughes has giv^n an account of the

occurrence of coal on the Great Tenasserim River, Mergui district. South Burma.

Mr. Griesbach and Dr. Dienei left Calcutta on the 12th of May and were joined

by Mr. Middlemiss at Naiiii Tal. The party proceeded vid Almorah for the

purpose of working out the palaeontology and stratigraphy of the triassic rocks in

the Central Himalayas.

Mr. LaTouche has made a report on the oil-springs near Moghal Kot in the

Shirani country, with a description of the stratigraphical characters of the oil-bear-

ing and associated rocks. Specimens of the oil collected at two points of outflow

have been examined in the laboratory by Mr. Holland.' One of the samples (A)

exhibited certain chemical characters markedly like those of the specimen col-

lected by Mr. Oldham two years ago, but the latter had lost its more volatile hydro-

carbons by exposure in a shallow pool. By subjecting the former ‘to artificial

exposure, in imitation of the natural conditions, the volatile naphthas disappeared,

and the residue gave a flashing point, specific gravity and fractional distillation

strikingly near those of Mr. Oldham’s specimen. The chemical results confirm

also the opinion expressed by Dr. Warden in 1890 th^at “a large supply of a

natural oil of this quality would simply drive all foreign oils out of the market."

But Mr. LaTouche confirms the statement previously made by Mr. Oldham as to the

limited supply of the oil, ;nd in his report on the subject, which will be published

in the next part of the Records, he makes certain suggestions for the purpose of

obtaining a larger flow than that now obtainable at the surface.

Mr. Mallet, late Superintendent in this Department, shows his continued interest

in Indiw mineralog;^ by generously following up his translation of Lacroix's petro-

logical researches on certain South Indian and Cinghalese rocks, with an interesting

^ eantiibntion ctea^ng up the difficultiea^^ith regard to the locality of the mineral

Tfaeoccurr^oe of this comparatively rare xmneral on

in die Salem dis^ interestingly coincides with Mr^ Holland’s re-

lerd^C^ lb the hypersthene- ahd olivine-bearing ultra-basic and other igneous rocks

which have diatihrbed the rich iron-ore beds on the north-wcetern* slopes of the
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same hill. These facts, together with the petrological work of M, Lacroix pub-

lished in the last volume, lend some support to the expectation that Salem district

will some day prove as rich in mineral variety as the natural museums of Norway
and the Urals.

Amongst the features of interest noticed by Mr. Datta in his examination of the,

Sagaing district in Burma may be mentioned the occurrence of nodular iron-pyrites

in sandstones, which the natives of the district formerly employed as a source of

sulphur for the manufactu/e of their gunpowder. Mr. Datta is preparing b, report

on his work in this and in the Pakokku and Thayetmyo districts.

The nodules collected near Utatur in the" Trichinopoly district b/ Dr. Warth

contain, as he suggested, large proportions of phosphoric acid. Specimens analysed

in the laboratory yielded on an average nearly 60 per cent, of phosphate of lime.

Although the value of phosphates has lately been considerably depreciated on ac-

count of the finds in Algeria and Florida, the Trichinopoly deposit ought to prove

of service on the southern tea and coffee plantations when converted into superphos-

phate ;
and there seems no reason why sulphuric acid should not be manufactured

in India for such a purpose.

List of Reports and Papers sent into the Office for publication or record

during May^ June and July i8g2.

Author. Subject. Disposal.

Theo. W. H. Hughes . Coal on the Great Tenas-
serim River, Mergui
district, Lower Burma.

C. L. Griesbach . Geological sketch of the

country north of

Bhamo.

Fitz. Nobtling Preliminary Report on
the economic resources

of the Amber and Jade
Mines area in Upper
Burma.

1 Appear in the current Records, Geo-
logical Survey of India.

T. H, Hollanp • • Preliminary Report on
the Iron-ores and Iron-

industries of the Salem
district.

T. H. Hollamd • lOn the oocutrenqe of

Riebeckite in India.

T. H. Holland The < Iron-ores and Iron-

industries of the soutn-

ern districts, Madras
Presidency.

To appear as a preliminary |iand-boofc

for Imperial Institute.

1 m *

T
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List of Assays and Examinations made in the Laboratory^ Geological Sur*

vey of Indiay during the months of May^ June and July i8g2.

Substance. For whom. Result.

Three specimens of phos-

pha.tic n\ <iu!es from

Utatur, Perambular
taluq, Trichinopoly dis-

trict.

%

Dr. H. Warth, Officiat-

ing Superintendent,
Government Central

Museum, Madras.

Specimen “ A’*—
Quantity received 12ft.

Contains 23 S47o phosphoric anhy-
dride (PaOj).

Specimen " B **—
Quantity received 1} oz.

Contains 30 9 °/ phosphoric anhy-
dride (P9O5).

Specimen “C**

—

Quantity n'ceived gi oz.

Contains r6‘i2 7o phosphoric anhy-
dride (PaOo).

One specimen of quartz . Octavius Strel & Co,
Calcutta.

Assayed for gold and silver.

One specimen of graphite Steel Bhos. & Co., Ld.,

Rangoon.
Carbon determined.

One specimen of “earth

for analysis ’* from H is

Highness the Amir of

Afghanistan.

Walsh Lovett & Co.,

Calcutta.

*=^Lignite, (Peat passing into lignite,

with roots of plants and a large num-
ber of fresh-water shells.)

One specimen o! galena

with quartz.

F. W. Heilgers & Co.,

Calcutta.

Assayed for lead and silver.

One specimen of quartzi
“ No. i6.“

Barry & Co., Calcutta . Assayed for gold and silver.
<

One specimen of iron py-
rites with quartz from
Nantyok, Henzai, Tavoy
district, Burma, for gold.

P. N. Bose, Geological
Survey of India.

Contains no gold.

V

Two specimens of “quartz*' F. W. Heilgers & Co.,
Calcutta.

Talc-schist with pyrites. Assayed for

gold and silver.

Three specimens of coal,

from Kaw-ma-pyn,
Great Tenasserim val-

ley, Borma,

i

T. jy. Hughes, Geologi-
cal Survey of India.

Specimen “ A ” (Upper seam)—
Quantity received

Moisture , . . 15-20
Volatile matter . , 30 08
Fixed carbon . • 30*86
Ash '

. . . 33-86

*
100*00

%

M

Does not cake. Ash—reddish brown.
Specific gravity, i *47.
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List of Assays and Examinations made in the Laboratory^ Geological

Survey of India^ during the months of May,June^ and July^ iS(j2

—continued

Substance. For whom. Result.

Sjiecirnen “ B ” (Upper seam)-,-

Quantity received 21b.

Moisture 1080
Volatile matter . . 2736
Fixed carbon • , . 42*52

Ash • . 1932

lOO’OO
mmSBBim

Does not cake. Ash—dark reddish
brown.

‘

Specific gravity 1*40.

Specimen “ C (Lower seam)

—

Quantity received

Moisture . , • M‘34
Volatile matter . . 3640
Fixed carbon . 432?
Ash •» . • 899

10*000

Two specimens of quartz,

Nos. 2 and 3, from the

Kedanak mines, Mount
Ophir, Johure.

Barry & Co., Calcutta

Sinters slightly. Ash—reddish brwon.

Assayed for gold and silver.

One specimen from the

Dundot colliery.

Two specimens from Nan-
tyok, Henzai, Tavoy
district, Burma.

W. B, D. Edwards,
Geological Survey of

India.
9

€*. N. Bose, Geological

Survey of India.

Two specimens
Dehra Doon,
Provinces.

from
N.-W.

W. PouLTER, Mussoorie

Clay.

Pyrites with sulphate of iron efflores-

cence.

Mispickel.

No. I.—Fine powder composed of clay,

minut^ sand grains, and powdered
pyrites.

No. II.—Sand; quartz, gralar, mica
hornblende and pyrite. ,

One specimen from Balu-

chistan.

One specimen from Dod-
dancombai forest, Saty*

amangalam taluq, Coira*

batore*

Executive Engineer, Pub-
* lie Works department
(Zhob division), Fort

Sandeman.

District Forest Offices’,

Coimbatore.

Iron pyrites*

Magnetite.
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List of Assays and Examinations made in the Laboratory^ Geological

Survey of India^ during the months of May, June, and July, iSga

—concluded.
c

Substance. For whom. Result.

One specimen ]. Jarbo,« Sub-Divisional
Officer, Bandarban, Chit-

tagong Hill Tracts,

Sulphate, of alumina and sulphate of

iron, with traces of lime.

One spccima?^

f

h^ACTAViSH &« Co., Cal-

cutta.

Bengal Coal Company,
Calcutta.

Bitumen (asphalt).

Coal. Specific gravity, 1*38.

Notification by the Government of India during the months of May, June,

and fuly i8g2, published in the “ Gazette of Indiaf Part L—Leave.

Department.
Number of

order and date.
Name of officer.

Nature of

leave.

With efrect

from
Date of

return.*
Remarks.

Revenue and
Agricultural

Department.

Surveys,

dated 31st May
1892.

William King Privilege

.

25th June
1892.

...

Notifications by the Government of India during the months of May,

June and July i8g 2, published in the Gazette of Indiaf Part /.

-^Appointment, Confirmation, Promotion, Reversion and Retire^

ment.

Department.
Number of

order
and date.

Name of

officer.
From

I

Nature
*

0?
appoint-
ment,
etc.

1

With
effect

from
Remarks.

Revenue and
Aericttlto-

rsJ Depart-
ment.

S»r.
120
veyS| dated

3iat May
189a.

*

c

Theo, W. H.
Hughes.

Super i n -

tendent.
Officiating

Director.

Acting,
tempo-
rary.

•

25thJune
X^2.

> Ditto
'

'
•

' .

*

^ 4‘
.

'

Swv

^ 'Wya»da^
Mth Jaly
1892.

t.

H. B. W*
Gatrick.

Ai^ .

<

•

Substan-
tive.

1st July

1891.

<
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Annual Increments to graded Officers sanctioned by the Government of

India during May, June and July i8g2.

Name of officer. From To With effect

from

•

No. and date of

sanction.
Remark's.

R. D. Oldham .

•

•

R

850

1

R

900

•

1st May
1892.

.4

Revenue and
Agricultural •

1

Department,

No. Sur-
• 140 1

veys, dated
1st July 1892.

0

f

W. B. D. Edwards . 350

j

380 6th June
1892.

Revenue and
Agricultural
Department,

No. if, Sur.

veys, dated
14th July 1892.

m

Postal and Telegraphic Addresses of Officers^

Name of officer.

•

Postal address. Nearest Telegraph office.

T. W. H. Hughes a • Calcutta • Calcutta.

C. L. Griesbach • • Almora, N. W. P. , Almora.
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MEMO,
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panytng this issue^ is referred to in A rticle

published in the Records of the Geological

Survey of India, Volume XXI Part 4,









ERRATA,

RECORDS OF THE GEOLOGICAL SURVEY OF INDIA, VOL. XXV, PART a,

On page 6i, line 19 from below, read: skirting.

62,

63.

II

6s.

If

68
,

75.

80,

83.

84.

86
,

I)

87,

89.

92|

95i .

97i

103, ,

n 1

105,

II

at bottomi read : watershed.

Ifl froqn below, instead of passs, tead : pass,

9 from befew, insert a comma after Kdbul province.

8 from below, for Mari, read : Marine.
• ^

2 from below, for Baluchistdn, read : Sind,

17 from above, for dislocation, read : dislocations.
^

17 from above, for Tangi R^jan, read : Tangi Rojan,

22 from above, leave out the comma after : it may be,

14 from below, for : K6h-i-Sultdn Ahmdd Kabfr, read ; Kdk^i^SuU

tin Ahmed Kahir,

1 1 from above, for page 78, read
:
page 6g,

2 from below, for nummulites, read : nummulitics,

1 1 from above, for no, read : not.

• 14 from above, insert a after them.

17 from below, for most, read : both.

13 from below, for predominate, read: predominates.

11 from below, for page 83, read; page %i.

1 1 from below, for hence, read : thence.

8 from below, for Khank, read : Khanki. •

14 from above, for sapposition, read : supposition.

7 from below, leave out : lower.

8 from above, for : of the existence, read : on the supposed exist

ence,

26 from above, for Kam Silmdn, read: Kam Shilmin.

14 from below, omit the comma after road.

leave out the second foot-note at bottom of the page.

12 from above, leave out ; of,

14 from above, from north-west to south-east,

16 from above, for dislocation, read : dislocations,

18 from above, for palaeozoic, read palceoaoie^

,

„ 16 frfm above for certainly, read : certainty.
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Report on the Oil Springs at Moghal Kot in the Shirani Hills, by TOM
D. LaTouche, B.A., Deputy Superintendent^ Geological Survey
of India (With 2 plates.)

•

The oil springs in the vicinity of Moghal Kot, a village in the Shirani HiHs lying

Introductory remarks.-
south-east of the Takht-i-Suleiman,

appear to have first been brought to notice about the end of

the year 1889,' when samples of the oil, purporting to be from this locality, were
sent down to Calcutta and examined both in the laboratory of the Geological Sur-
vey and by Dr. Warden, Chemical Examiner to the Bengal^ Government. The first

sample examined by Dr. Warden was, according to his conclusions, “ not a crude,
but a commercial kerosine oil of Russianorigin.’* * Subsequently, Dr. Warden
reported on a sample, procured by the Deputy Commissioner of Dera Ismail Khan
from this locality, which he found to be of excellent quality. Another specimeen
collected by Mr. Oldham in 1891 and examined in the laboratory of the Geological
Survey by Mr. Holland, although inferior in quality to the sample examined by Dr,
Warden, was found to contain large quantities of liquid hydrocarbons.^ The doubts
attending the stated existence of the oil, if not of its quality, having been removed,
it remained to discover what the chances were of its being procurable in sufficient

quantites to render it commercially valuable, a question which Mr. Oldham was
unable to decide, owing to *the hurried manner in which he was compelled by ill-

health to carry out his olbservations. This, therefore, is the point 1 have mainly
kept in view during my recent exploration of the country.

About d, mile above the village of Moghal Kot, the river Toi® traverses a lofty

Positkm of the springs
running north and south, tjje greater portion of which

• *
is composed of hard fine-grained quartzose sandstones, over-

laid by a thick band of massive limestone. Through these rocks the river has cut a
deep narrbw gorge, about half a mile in length ; the oil springs are found in this

•

^ Oeol. 5W«e. Vo]., XXIV, pt. 2, page 86.
*

* This river is erroaeoesly called the Cholkhel Dhana in the map of 18S4 ; Vkana is the
name locally given to the gorges cut by the streams through the Takht-i-Suleiman range, and
does not apply to the whole of. the river valley. T& minor gorges through the beltf of hard

rock beneath the main range are "called riri, as Tiri Chuakhel, Tiri Khidarsai, etc., while

those through the outer belt of hard rocks at the edge of the hills are called Zam^ as Zam
Chaodwan, Zampraband, etc.

B
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gorge, and their position is indicated in the plan of it annexed to this report. The
most copious discharge takes place close to the base of the quartzose sandstone

(at the points marked A and B on the plan), but oil also oozes from them at the

points C and D, about midway^ between the base and summit. In all cases the

discharge takes place close to the water’s edge. At C the rocks are merely satura-

ted with the oil, and at D it occurs in the form of, small globules, floating on the

Water collecting in shallow holes in the shingle on the river bank. The flow was

60 slight at these points that ho good samples of thb oil could be collected for

examination. At A and B, however, the oil gathers in shallow holes dug in the sand

at the level of the water in the rivel, and from these spots I obtained good samples

Which have been sent down to Calcutta to be examined in'^he laboratory of the

Geological Survey. The actual points of outflow seem to have been determined by

the existence of beds of shale intercalated with the sandstones ; the oil apparently

creeping up along the bedding planes, beneath these shale bands until it reaches

the surface.

As it issues from the rock the oil is limpid, slightly yellow in colour and opa-

. i*. .u I
lescenl. It has an unmistakable odour of kerosine, which

^Uftiity Oi tno oil«
, e % % •

can be perceived at several paces from the spots where it

escapes from the rock ; and without any refining whatever it gives a brilliant light

when burnt in an ordinary lamp. The sample obtained from A seemed to me to

be rather more oily in character than that from B, and I at first thought that the

difference between thp sample examined by Dr. Warden and that collected by

Mr. Oldham might have been due to their having been collected from these differ-

ent spots, but Mr. Holland has since informed me that the samples from A and B
are essentially the same, the slight difference being accounted for by an exposure of

the sample from A for a short while.

No gas observed.
traces of gas were observed to accompany the dis-

charge Of oil at any of the spots where it issues from the

ground.

The rate of discharge of the oil is exceedingly slow. II had one bf the shallow

*

f ii e
holes in the sand at each of the points A and B cleaned out,

the oik

^ ^
occupied in fillipg a quart bottle with the oil

was observed. Making a rough ^calculation from this I find

that one of the holes at A would yield a gallon of oil in 4) hours, while it would

take 14 hours to collect the same amount at B. The discharge mfght possibly be

increased to a slight extent by clearing away the sand, but it was impracticable for

me to test this, as it would have entailed the construction of a dam to keep out the

river water. Under the most favourable circumstances I do not think that thu

flow would exceed 10 gallons a day from both these places.

The ridge Of bard rooks in which the oil Of Moghal Kot occurs extends for

Occurrenee of Dil%x- ubout 30 uiileSdo the north of tfie Toi river, and is traversed

tremeij local* no traces by other streams, the principal being the Shingao, which

bf breaks throgglf?t above the village of Katam; the southern

to the north.
: , branch of the Lohata, or prazund river, breaking through

|he/ ridge, immedia^^ beneath, the Takht-i^Suleiinaii itself at Ragh^urj and the

nprijifeiii branch of the same river, which flows round the north end of the Takht,

tbio!t!(gh4he gorge called the ** Gut," ahd issues at Powa Sur, ^ small village above

Mutgu. In each of these cases the section exposed is identical with that in the

No gas observed.
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gorge of the Toi, yet in neither of them did I succeed in detecting the slightest (race

of oil. Its otcurrence therefore in appreciable quantity is extremely local, and the

band of sandstone in which it occurs cannot be considered as in any sense a

generally oil-bearing stratum, that is, a stratum in which we* should be likely to

find an accumulation of oil at any point, even though the conditions at that point

were otherwise favourable.

It is true that the escape of the oil in the gorge above Moghal Kot is facilitated

Peculiar structure of
peculiar Structure of tKe rocks in that locality. Along

rocks in Tiri Chuakhel tlie line of the river-bed there is a decided twist in the strike

facilitating escape of oil. of the rocks, the beds to the south of it dipping east or

within a few degrees of east, while on the north bank the dip is steadily north-east.

The effect of this twist, combined with the dip of the rocks, from 30 to*40 degrees

has been to form a kind of inverted trough, rather steeply inclined to the east, along

the axis of which the flow of oil has been concentrated. This structure, however

although it would account for a larger outflow at this point than at any other if the

sandstones were everywhere oil-bearing, will not account for the entire absesice of

oil at the other points where the ridge is cut through. The conclusion 1 have drawn
is (hat there is no real jconnection between the peculiar structure of the rocks and the

occurrence of the oil at this particular locality, that it is, in fact, a mere coincidence.

Before discussing the question as to whether there are any places in the Shirani

Hills where an accumulation of oil may have been formed sufficiently near the sur-

face to be reached by borings of a reasonable depth it will be well to set forth brief-

ly (he general considerations, underlying the problem.

Although the conditions under which petroleum is originally formed by natural

General conditions
Processes in the bosom of the earth are not yet fully under-

under which accumula- Stood none of the theories that have been from time to time
tions of oil in workable forward to account for its production, whether by dis-
quantities are formed.

. r 1 .

(illation from coal seams or other organic matter, or by

chemical combination in one form or another, being entirely satisfactory, yet in

determining tlfe probability of its occurrence in large quantities in anyloculity where

it is known to exist we are not concerned with any of these theories, for it is fairly •

certain that the oil is seldom or never indigenous in the strata from which it is ob-

tained by borings, but that if has been introduced into them by percolation from

regions far below, so dee ply*seated that they have never been, nor are likely to be,

reached by borings from the surface. We have therefore only to deal with thecon-

diiiops under which the oil may collect at various points in porous strata, in such a

manner that it is s(ored as in a reservoir, until a way is opened for its escape to the

surface by borings or otherwise. Such conditions,*^! seems to be now universally

admitted, are most favourable where the strata are thrown into gentler undulations,

anticlinals and synclinals, so disposed that the oil rising from below is held under

the crowns of the anticHnals/presupposing that the porous strata which afford storage

for the oil are covered by impervious beds, which prevent its rising further towards

the surface. Conditions so favourable as these are, however, realised in few cases,

tlie oilfields of Pennsylvania, Baku, .and Burma being the most notable instances

;

at the same time accumulations of oil in workable quantities are not unknown in lo-

calities where the strata are more 'highly disturbed/ in Galicia; but in such

places the mean% of escape n'^turally affordedjto the oil are easier thSA hi the oilfields

abovementioned, an<f therefore, although the surface.indications mayl>e evfcn moie

B 2
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conspicuous than they are in those fields the accumulations of oil are never so great.

A full discussion of the conditions under which oil is worked in such disturbed

regions, with special reference to those generally obtaining in India, will be found

in Mr. Medlicott’s “ Note on the occurrence of Petroleum in India/*' where sec-

tions are given showing the disposition of the strata in the highly disturbed oil-bear-

ing regions of Galicia.^

Such being the considerations to be kept in view w'hen estimating the probabi-

Conditions found to Hties of oil Occurring in any* district known to be oil-bear-

exist in the Shirani ing, in sufficient quantities to be profitably worked, it

remained to be seen to what extent they would apply in the

Shirani Hills. In determining this point we have only the outcrops of the rocks

overlying^' the oil-bearing rocks to guide us, and the evidence afforded by these is, 1

regret to say, distinctly unfavourable. In passing down the Toi river from the oil-

springs we obtain a very clear section of these rocks. The group of«hard quartzose

sandstones, about 1,000 feet thick, in which the oil occurs, is overlaid by a band of

hard "massive limestone, about 300 feet thick, the whole dipping in an easterly

direction at between 30 and 40 degrees. Following on the limestone, and dipping

in the same direction, with some minor folds, a great series of shales with sand-

stone bands of various thickness is found. The total thickness of this group is

probably not less than 10,000 feet and the strata composing it are inclined to the

horizon at about the same angle as the (limestone beneath. Above this group

comes a series of beds containing gypsum bands at the base, overlaid by bands of

nummulitic limestone and. fossiliferous shales. These also have [an easterly dip

though not so high as in the beds beneath, as far as Parwara village, below which

there is a well-marked synclinal. On the eastern side of this the beds are repeated,

dipping west, as far as the horizon of the gypsum bands, which are exposed in the

hill on which Domanda outpost stands. Here there is a sharply compressed

anticlinal fold, upon the denuded edges of which sandstones of Siwalik age have

been deposited. I his is the anticlinal noticed by Mr. Oldham in his Preliminary

report On the oil locality near Moghal Kot”* under which he suggests “ there is

probably a considerable accumulation of oil.” The lowest beds exposed, however,

on the crest of the anticlinal are the shales imn^diately underlying the gypsum
bands, which, as we have seen, are the topmost members of a group of rocks

10,000 feet thick. It would in all probability therefore be necessary to bore through

the whole thickness of that group, and 300 feet or so of hard limestone beneath,

before reaching the sandstones in which oil might possibly occur. It need hardly

be said that such an unti!lertaking would be utterly absurd. Moreover this anticlinal

is not an open undulation, like those beneath which the most productive oil-bearfhg

strata are found; indeed, it bears evidence of so much crushing, that it would

.
be diiScttte to account for the non-existence of any oil shows along its crest,

supposing that the rocks beneath did contain oil. To the north of the Toi this

anticlinal has been traced as far as thjs Lohara or Drazand river presenting every-

wWt^e a^tne features. Hhus, glmbugh it offers the nearest approach among these

hills . be favourable in other oil-producing regions, yet

Vel. XIX; pt. 4,p.<i85.

,iSb0 also a ifapSjr by lilr, R* D. QJdhanii ** Memorandnni on the mode of occurranoe of

PbBliSked in 1^1 . «
*

» Sumpy, Vot XXIV. pt 3 o.
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these conditions are so far different as to render it unprofitable to undertake opera-

tions on so large a scale as would be necessary to determine the existence of oil

along that line.

Such being the case it remains to be considered whether it would not be possi-

Possibility of increas
increase the discharge of oil in the neighbourhood

ing the present outflow of the present Springs by means of wells or borings. A
by means of wells or well might be sunk at the point E on the plan, which would

^ meet the beds, from which the oil at A and B issues at a

depth of about 130 feet. Short galleries, driven in either direction along the strike of

the beds from the bottom of this well, would afford a more ready means of escape

for the oil than now exists, and such a plan would have the advantage of excluding

the water from the river, which under present conditions filters in through the sand

covering the outcrop, and becomes mixed with the oil. But I doubt whether the

outflow woujd be increased to any material extent by such means, for the oil at so

slight a depth would not be under much greater pressure than at the surface.

Another plan might be tried, though it would doubtless be more expensive, ani

that is to sink a deep boring through the whole of the strata known to be oil-bearing,

that is from a point to the east of D on the plan, say at F.^ Such a boring would

have to be at least 760 feet deep in order to reach the lowest oil beds, and should
'

be of large diameter, say 6 inches. 1 do not anticipate much difficulty in boring

such a hole through the sandstones, as in all probability they are much softer in th j

interior than at the surface. On reaching the lowest oil beds, unless the flow of oil

under the increased pressure was found to be satisfactory,* a powerful charge of

dynamite, or “torpedo,” should be exploded at the bottom of the hole, so as to

shatter the rock in its vicinity. This might possibly largely increase the flow of oil

and the experiment might be worth trying at least. The difficulty would be to get

the machinery required for boring a hole of such a size to the spot. There is an

unlimited supply of water power, which might be made use of instead of steam, as

the river at this point has a considerable fall (about 50 feet measured from the head

of the gorge), and even at the time of my visit, in March. 1892, after twelve months

of practically rainless weather, there was a Sufficient volume of water in it for all

purposes. Every part of the machinery would have to be brought on camels from

the edge of the hills, a distance of about 25 miles, as the only way of reaching the

place is along the stony bed of the Toi river, where it would be impossible to use

wheeled vehicles.

* Second Note oti Mineral Oil from Ike Suleiman Hills, 6y Thomas
H.^Holland, A.R.C.S., F.G,S., Geological Survey of India.

Last year (1891) I published an account of a chemical ex^pination of crude

mineral oil cdllected by Mr. R, D. Oldham above Moghal Kot in the Suleiman

Hills, Sher^ni country.® Ffom the comparatively high specifle gravity and flashing

^ The two points E and F were chosen so that they lie above flood-level. They are

marked on the ground by stone cairnS.

* On Mineral on from the Suleiman Hills.** Record9^ Gtolqgidil Suftety of India^ VoL
XXIV (1891), pp. 84-^7. • V .
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point, and from the results of fractional distillation, indicating a predominance of

the heaViCr hjdrocarbons, I concluded that, compared with other 'samples pre-

viously obtained from^ the same district, the specimen sent by Mr. Oldham must be

considered to be decidedly inferior in quality. Mr. T. H. D. LaTouche has re-

cently sent two samples collected by himself at the same locality (one and a half

miles above Moghal Kot, Sherdni country), and a chemical examination of these

samples proves them to he extremely valuable for illuminating purposes, thus con-

firming the result obtained by Dr. Warden in Septeratber 1890, and at the same
time explaining, as will be pointed out below, the apparent inferiority of Mr. Old-

ham's specimen.

The following is the result of an examination of the two samples collected near

Moghal Kot* by Mr. La Touche :

—

Specimen A.

This sample was a deep yellow, mobile liquid, slightly turbid through the pre-

sence of disseminated bituminous particles, and with a large quantity of water at

the bottom of each bottle. Cleared of its dirt the oil showed a well-marked

fluorescence and possessed a slightly aromatic odour. The'specific gravity at 60®

Fahr. was o'8i9.

The flashing point, determined by Sir Frederick Abel's apparatus, was 75® Fahr.

A measured quantity of the oil was subjected to fractional distillation with the

following results:—

Distillati.

Tcnnperature of Distillation.

Sp. Gr. at
P • Colour.

Per cent, by
volume.

Per cent, by
weight.

1st fraction distilling between 140'' and 340*^ F. 0753 Colourless 919

and „ „ „ 340° „ 360° „ 0770 II 10 9'39

S'f’d >» tt t) 3^ II 373 »»
q-J00 r i> 10 9-53

4th ,, „ „ 373 II 427 I*
1

079s
ff

I* 10 9*70

5* !> » » 427“ > 460° „ 0‘8|2 II Id 99*

6th ,, „ „ 460° „ 482^ „ 0-823 If 10 X005

7th „ „ „ 48a® „ sai"* „ 0-834 Faint yel-
low tinge.

10 lo-ig •

®^h If ,1 ff „ 5^3 II 0*849 Pale yel-
low.

10 10*36

SWfh II >, ,1 5^3^ >» 594**
. If

j

o’S6 i Rich
straw-

yellow.

Vetlow .

10

«

lo-s*

lOtH I, I, „ 594® and abov^-^*. 684

R4.sidue * paralfiti ** sdiile
** and *'coke*' .

-

'

' r
' '

toss'' * 'V;:', .... , • - .

... 3'94

4
• J 0*40

''
'/A'/ '

. .

'

^ '' Total « • »•*

»
100*00
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The first three fractions flashed below 73® Fahr.; the remainder at higher

temperatures. The ninth fraction, which was very mobile at the temperature of the

laboratory (91® Fahr.), commenced to thicken appreciably on being cooled to

38° Fahr. and solidified at 27® Fahr. It will be noticed^ that the first nine frac-

tions distilled over below 594®, showing that the heavier solid hydrocarbons are not

present in large proportions. Of the remaining tenth, a part (6*84 per ccrt.- by
weight of the original quantity) consisted of a yellow oily liquid, which became of*
the consistence of ghee on cooling to 70® Fahr., on account of the solidification of
the heavier paraffins. The remainder partially sofidified in the condenser and par-

tially remained in the retort, I did not consider it necessary to “coke" the portion

left in the retort, as an estimation of the carbonaceous residue apart from the

paraffin ‘ scale' would, in the present instance, offer very little information of use in

forming an estimate of the economic value of the oil. The same rl&mark applies

also to the sample B., whose characters are described below, and in which also

the solid hydrocarbons exist in very small quantities.

In estimating the proportion of illuminating oil I mixed 10 cubic centimetres of

each of the first nine fractions, the mixture possessing a specific gravitjf of 0'8o8

at 60® Fahr. and flashing at 72® Fahr. After treatment with sulphuric acid, and

subsequently with caustic soda to remove the impurities, a current of air was passed

through thp oil, whilst the flask was immersed in a warm water bath, to remove the

very volatile naphthas introduced with the first fraction. The residue, which wa®

almost “ water white " and possessed a slight fluorescence, gave a flashing point of

76® Fahr. and a specific gravity of 0*810 at 60®. The reiyoval of the naphthas, to

raise the mixture to the legal limit of safety, was attended with a loss of 2*5 cubic

centimetres. The burning oil of good quality may thus be set down at 87*5 per cent

by volume (86*5 per cent, by weight) of the crude material.

The water accompanying this sample contained lime in solution with traces of

iron and magnesia, and in combination with sulphuric, carbonic, and hydrochloric

acids. It was neutral to litmus test.

• Specimen B,

A clear, rich, straw-coloured liquid with a strongly marked fluorescence and

slightly aromatic smell. •Specific gravity at 60® Fahr:: 0*81 1. Flashing point

(Abel's test): 64® Fahr.*

Fractional distillation of 300 cubic centimetres gave the following results:

—

Temperature of Distillation.

Distillatc.

Sp. Gr. at
60 F.

Colour.
Percent by
volume.

Per cent by
weight.

mt fraction distilling between 145” and 31/* F. 0-74*
0

10 9'I3

and .• «. II 3*7“ II 330^1. 0757 10 9*33

3rd II •» If 330* M 3®® 1# • 0777 ... 10 d-s*

4th » H » 3sy . 424” i> 0793 ... to 977

^
Carried over

•

•

•
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Distillate,

Temperature of Distillation.
Sp, Gr. at

60 F.
Colour,

Per cent by
volume.

Per cent by
weight.

Brought forward aee • • • ... ...

5th fraction distilling between 424^ and 448^ F. 0’8o6 10 995

6th II n If 44®* » 4®®* »s
0*822 10 iC*f4

7th i» *• »» 4®®" If 507* 1)
0*836 ... 10 10*32

8th II
j

II II 5®7* fi 5^7* *1 0*851 ... 10 10*49

9th ,1 II II
567** and above 0*864 ... 10 10*65

loth Above 567® F. ... ... 275

Residue
:
ppraffin “ scale*' and “ coke **

. ... ... 6*14

••• ... ... / 7S

Total
.

j

• •• • •• 100*00

In this specimen the temperature reached 600° Fahr. before the 9th fraction

had completely distilled, and of the remainder 2*75 per cent, (of the original

quantity) disUlled over as a yellow, oily liquid which solidified on cooling to 55°

Fahr. The remainder solidified at the temperature of the laboratory (90° F.)

To determine the proportion of illuminating oil 10 cubiccentimetres of each of

the first nine fractions were mixed, the most volatile naphthas removed in the usual

manner, and the residue purjfied with strong sulphuric add and caustic soda. The
product, measuring 84 cubic centimetres was a “ water white ” oil of specific gravity

0*810, flashing at 85° F^hr. The proportion of illuminating oil is thus 84
per cent, by volume (83*9 per cent, by weight). This*result is perhaps slightly

within the limit, of production, as the removal of the naphthaS was overdone by after-

manipulation of the mixture at the high temperature of the laboratory (91° F.): the

flashing point is thus raised well above the legal minimum and the specific gravity

slightly above average American, but below some Russian kerosenes.

In comparing these two specimens it will be seen that B contains slightly large
ptbportions of thh very volatile hydrocarbons as well as the heavier and solid paraf-

fins, whilst in A there is a greater predominance of the liquid compounds of inter-

mediate density, which are of value lor illuminating purposes. There is, titerefore,

a slightly gxeiiter was^ in preparing B for'the market, as the excess of very volatile

icninpotoiids mnst be removed to bring t|ie flashing pdnt up to the legid minimum
solid coinponhds muss be eliminated to obtain a freely burning oil.

sampliiw and there is no douln that should*
l^nlity ho foreign oil could dompete against them.

:
the sape kind as ihe sample examined by
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Dr. C. J. H. Warden in September 1890, and in which he estimated a yield of at

least 90 per-cent, of very superior, nearly “water white,” illuminating oil.

In the following table the results obtained by Dr. Warden are compared with

these which I hav6 now obtained from Mr. LaTouche's specimens :

—

Fractional distillation of Moghal Kot petroleums.

I •

•
A u

isfc fraction, 10 per cent. • • • m •7557 •753 • • 74*

2nd fi 11 e • • '7<58S •770 7S7

3rd
•

II If • • • •7802 781 777

4th II It
• • • •7948 •79S <793

Sth It fi • • • •8077 •812 •8b6

6th
t

If tl
• • • *8204 ‘823 ‘822

7th It It « • • • •8367 •834 •836

Sth tl II e • • • •8487 •849 •8si

9th II If • • « •8596
*

-861 •864

I.—Procured by the Deputy Commissioner, Dera Ismail Khan, and examined

by Dr. C. J. H. Warden (1890).

II.—Collected by Mr. T. H. D. LaTouche and examined by T. H. Holland

(1892).

Referring now to the results of my examination of the Moghal Kot petroleum

collected by* Mr. Oldham,^ it will be seen that in that Specimen, whilsfthe liquid

hydrocarbons predominate the very volatile constituents are absent. The first

tenth obtained in the fractional distillation is seen to have a specific gravity of *0782

whilst of the Original cru^e material the flashing point was 128^ Fahr. and specific

gravity (at 60® F.) 0*831—all of which results are much higher than those obtained

from the two‘specimens whose analyses I now report, and also of the specimen

examined by Dr. Warden.

I find also that the remainder of Mr. Oldham’s sample, which I have kept in

•the laboratory, is deeper in colour than either of those sent by Mr. LaTouche.
From a comparison of the figures I should say that an oil like the former might
easily be obtained from specimen A. (of LaTouche) by simple exposure (0 the open
air in a warm climate, an(l*this conclusion IJind to be confirmed by artificially imi-

tating the necessary conditions. I passed a current of air through 500 cubic cent-

imetres of specimen A for twenty-four hours at^a temperature varying withiq a few
degrees of 90® F., and on examining the residue I found the flashing point had
risen from 75° to 132® Fahr., gnd the density hjad increased from 0-819 to 0*835,

whilst it had lost 14 per cent, of its original volume. On -subjecting this residue
• •

• •

* C4ological Sutpey of JndiP, VoI. liXIV (1891}, p.
*
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to fractional distillation I obtained a series of distillates which af^ree very closely with

those obtained from Mr. Oldham's sample, as will be seen by ihe following table :

—

I.

—

Sp. Gr.

:

0*831. Flashing point: laS'^Fahr. Collected by Mr. R. D.

Oldham (1891), Raords, Geological Survey of India^ Vol. XXIV., pp.

84 and 85.

II,

—

Sp.Gr,: 0*835. Flashing point: 132° Fahr. Residue after removal of

naphthas from Specimen A, collected by Mr. T. H. D. LaTouche in the

same locality.

These results show that artificial removal of the very volatile hydrocarbons from

Mr. LaTouche's Sample A leaves a residue resembling in every respect the specimen

previously collected by Mr. Oldham.

On a New, Fossil, Amber-like Resin occurring in Burma, by Dr. Otto

Helm, of Danzig. {Translated by THOMAS H. HOLLAND, Geological

Survey ofIndiai) %

Dr. Fritz Noetling, under orders of the Director of the Geological Survey of‘

India, has sent me a piece of amber-like resin from Upper Burma. I have, as far

as the small quantity of material would permit, made a chemical and physical ex-

amination of the specimen, and 1 hope^to follow the publication of this preliminary

investil^tiDn with a further contribution. ^
The^fragthent under examinatioiv is^covered with a thin weathered crust of a

brown broken it exhibits a shining, conchoidal fracture, with a

greasy internal colour is dark-yellow, some parts being transparent

being beclouded with organic matter finely

disseminated through the ahbstance of the resin. The specimei^ eghihits a fine blue
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fluorescence. If light be sent into the interior with a convex glass lens, the cone of

light appears of a golden yellow colour. In polarised light the same colour is ex-

hibited, changing however, by revolution of the Nicols through 90”, to blue and

orange.

The resin is as easy to cut, saw, and polish as the Baltic amber (Succinite)
; it is a

little harder, however, than the latter, its hardness varying between 2*5 and 3, •

Its specific gravity is 1.034.

As to the chemical constituents of this fossil resin I am not yet able, to give

an ultimate analysis, as the piece in my possession exhibits no portion of perfectly

clear colour, but is clouded throughout by finely disseminated particles. I have,

nevertheless, made a dry distillation of the resin, and the results are extraordinarily

interesting and different from those which other fossil resins give lyider like con-

ditions. During the distillation, for which I used a glass retort, there first appeared

a while vapour-cloud, which, on cooling, condensed to water-white drops ; subse-

quently the vapour became tinged with yellow and condensed in thin oily streaks ;

ultimately the cloud was dissipated and thick oily drops flowed into tl^p receiver.

The distillate is a"brownish yellow oil, with tarry consistency, of a peculiar burnt

smell and an extremely small quantity of a watery liquid. I treated this liquid

with hot water and filtered : it was water-white and gave an acid reaction with lit-

mus-paper. On repeated distillation over a steam-bath a liquid distilled over and
a yellowish residue remained behind, which I cleaned by solution in water with sub-

sequent filtration and evaporation. The small quantity of crystals thus obtained I

recognised, by well-known chemical reactions, to be •pyrogallic acid, whilst the

aqueous distillate contained formic acid. Succinic acid was not found in the pro-

ducts of distillation.

The resin contained o‘6 per cent, of ash, which was composed of iron-oxide,

Sulphuric acid, carbonic acid, and lime. I found a very small quantity (o’Oi3 per

cent.) of sulphur in combination with organic substances

.

The fusion point , of the resin cannot be determined, as before that point is

reached it.decomposes with evolution of a white aromatic vapour.

The resin proved to be very resistent against solvents :— Chloroform dissolves

only 2’2 per cent, of it. Alcohol dissolves 0.8 per cent., the solution leaving’ be-

hind, on drying, a black-brown resin. Ether dissolves 2.4 per cent. , the solution

leaving, on evaporation, a clear yellow resin. By oil of turpentine 18.5 per cent,

was dissolved, whilst carbon bisulphide dissolved 4.6 per cent.

If the pulverised material is treated with concentrated sulphuric acid, ’the resin

gradually dissolves, forming a solution of a red-brown colour, which blackens On

heating. When the red-brown solution is treated with* water a dirty white deposit

separates out. Concentrated nitric acid at the ordinary temperature has little effect

on the j-esin, but on heating the latter is changed in^o a yellow friable substance.

By fnction the resin,becomes electric and retains itj electricity for some time.

From the foregoing investigation it seems that the Bu rmesfe resin differs from all

the fossil resins with which 1 am up to the present acquainted ; and I shall continue

this research as soon as further specimens o^lear colour are available.
^
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Preliminary notice on the Triassic Deposits of the Salt Range.— By W.
Waagen, Ph.D., F.G.S.

For some years now I have been occupied with the study of the fossils that have
been collected in the Salt>Range by different members of the Geological Survey
staff, amongst them myself, as having found the greater part of those specimens
that ar^ characteristic of the higher divisions of the triassic strata of that country.

Though it is against my general custom to give a preliminary notice of the re-

sults of my investigations before the larger publication in the Palaeontologia Indica

can be ready for printing, in this case 1 feel obliged to do so on account of further

explorations on a great scale which are now going on in the Himalaya, and which
have for their object strata about equivalent to those that I have had the good
luc.k to explore in the Salt-Range. It seems to me to be directly my duty to gi'e

to those indefatigable explorers in the Himalayas the benefit of my experiences in the

Salt-Range, in order that they may be able to compare the Himalayan development

of the Trias with that exposed in the Salt-Range.

The triassic strata of the Salt-Range were distinguished by Mr. Wynne under

the general name of the Ceratite Beds—a name extremely appropriate for them—as

nearly all the fossils contained in these strata consist of the rsmains of ammonoid

shells all showing a “ Ceratitic " development of their sutural lines. As regards

. the fossil forms that have been collected up to the present from these strata I must

state that my studies hav6 as yet been restricted chiefly to the Cephalopoda
; and

that amongst these only the “ Trachyostraca'' have been examined in detail. Thus

I am only able to give their exact indications.

The Ceratite beds, as is shown in the first volume of my ‘‘Salt-Range Fossils,"

rest directly and without distinct unconformity on the topmost beds of the Pro-

duces Limestone, and are covered at their upper limit by the “ Variegated Series"

of Wynne. It must be remarked that the Ceratite beds do not comprehend all the

strata that ve in Europe generally comprise under the name of “ Triadic Form-

ation but that the Rhaetics are yet included in the Variegated Series, as they

cannot be distinguished there from the Liassic Series, so that the top beds of the

Ceratite strata cannot be more recent than ‘* Carnic " at the utmost.

The lowest division of the Ceratite beds is formed by the “ lower Ceratite Lime-

stones : thinly bedded, light grey limestones, very hard, that loudly ring under the

hammer. The fossils are mostly exposed on the bedding planes, and can be de-

tached only with difficulty. Nearly all the Cephalopoda that occur in these strata

belong to the genus Gvronitcs n. gen. W„ a genus that has formerly been united by

me wrongly with Xenodiscus,hvX which is distinct from that genti^ by a short body

chamber, whilst Xenodiscus possesses a long one. Gyronites is most nearly yelated

to Mcikoceras. Besides Oyntmtes there are but very few other genera, and these

represcmtfa only by sAgle species. Of the Trachyostraca there is a single species

, of present* ^
' TTje <ywiaioa is compesed of the “Ceratite Marls.” These are

'gyMinish-gtl^ limestone concretions in which the fossils are

beds of iime^ne show a cone-<nK:one structure. The Ce-

frotn that of the nest lower division. The

taibftnciaHh, Kon. sp.) predominates, has
Henhl
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become much rarer, whilst Meekoceras increases enormously in numbers. Also

here the Trackyosiraca are represented by a single species of Dinarites,

Above the marls follows a thick series of yellow sandstones. These sandstones

contain to all appc;^rances three different faunas of Cephalopoda.

In the lower division of these sandstones there occur besides many species of

Afeekoceras and other allied genera of the Leiosiraca, a number of typical forms of

the Trachyostraca, Dinarites 2 sp., Ceratites i typical species, Prionites n. gen.

(nearly allied to CeratiUh^ but the auxiliary lobes dissolved in very numerous small

denticulations) i sp., Celtite 1 sp.

In the middle division a small gasterapod of the genus Siachella is very nu-

merous, and therefore 1 have called these beds ** Stachella beds.'' Here also many
peculiar species of Cephalopoda occur, chiefly Meekoceras and allied genera. The
genus Flemingites n. gen. makes here its first appearance, whilst the Trackyosiraca

are only^represented by the genera Dinarites and Celiites,

In the upper division the fauna is not very rich but very characteristic. The
genus Flemingites (Flem. ftemingianus Kon. sp.) furnishes the most predominant
forms. For this reason 1 have called these beds ** Flemingites beds.” J^feekoceras

and Gyronites are^yet numerously represented; the genus Pro^tychites his got here

its last representant.

Of the Trackyosiraca ihe Dinarites^ Ceratites^ Prionites^ and Celiites have

been found, each of them, however, only represented by a single species. Besides

these the first representant of the genus Acrochordiceras has been detected in these

beds. The development of this form is, however, a* very*strange one, as the second

lateral lobe is quite imperfect, and not distinctly developed. According to its

sculpture this shell can, however, not be determined otherwise than as Acrochor-

diceras.

Above the Ceratite Sandstones a quite new fauna commences, and it can there,

fore, I think, not be much doubted that with these sandstones a greater period in

the earth’s history comes to a close. Thus probably the lower Trias must be termi-

nated here, and all the beds that have been mentioned by me up to this horizon •

must be considered as the equivalents of the “ Bunter Sandstone ” of Europe.^ In

Europe Cephalopoda are very rare in the Bunter, and only in the Alps there exists

a bed in which the reiflains of Cephalopoda have more numerously been found.

I his represents probaibly the topmost division of the Bunter Sandstone only, whilst

the lower divisions are all devoid of Cephalopoda shells. In India now there are
^

not less less than five different faunas of Cephalopoda in the Bunter, ’and these
'

commence already in the very lowest divisions of that formation so that apparently

by the descriptign of the Salt-Range faunas of the^unt Sandstone a great gap in

our knowledge of the triassic faunas will be filled up.

The division that follows next above the sandstones is composed again of lime-

stones, and has received by me the name of "Upper Ceratite limestones." This

division had b^en Included by me in 1889 in the "Grey Bivalve limestones," The,

Cephalopod fauna contained in these Ceratite limestones is the richest one of all the

triassic beds of the Salt-Sangc. Besides^many species of Lsiostra&t^ yhich have

not yet been studied in detail, but which all appear to be mote or less nearly related

to MeekoceraSj there are noifierous forms of Trackyosiraca^ which are of the utmost

interest^ but of which no species is identical with a European one* Of the genus **

Dinarites iberens Only a single species/ which has received by. me the name of
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Din, dimorphus W., and which exhibits so many points of affinity to Din^

glactalis Mojs. from Siberia, that 1 cannot but consider the two as belonging to

one and the same group of forms. Of the genus Ceratites there are not less than

seven species, three of which belong to the “ Circuwplicaiii* two to the “ J>iodosif

one to the Suhrobustif and one to the “ Nudil* The new genus Puonites W. is

vepresented by three species, and the genus Balatonites by one, somewhat doubtful

form.

Of ^the family TropiiidcB the genus Celiites has furnished not less than eight

species, which can be divided in two groups. One of them has got more squarish

whorls, and resembles in this respect somewhat the group of CeltUes ftoriant,

Mojs.; the other has got more oval or roundish whorls, and thus resembles some-

what the groi^p of CeJtUes epohnsis^ Mojs. The genus Acrochordiceras occurs

in these limestones in typical forms and has furnished four species. Very nearly

related to Acrochordiceras^ but yet sufficiently distinct by the existence of pnormous

lateral thorns and a smooth external side, is a new genus, for which I intend to

introduce the name of Stephaniles W., and of which two species have been

found.

A very remarkable fact relating to this fauna is also the frequent occurrence of

the genus Sibirites^ of which there are at least ten species. They are typically

more or less nearly related to tlie forms described by Mojsisovics from Siberia.

This Cephalopod fauna, just described, is the last one that occurs in the triassic

beds of the Salt-Range. Higher up only single stray specimens of Cephalopoda

shells have been found.
•

The division that follows next higher in the sequence of strata is a series of

hard grey limestones crowded with the remains of bivalve shells. I have therefore

called these beds “ Bivalve limestones.*' Of Cephalopoda there have been found

in these beds some species of Gyromtes^ of Meekoceras, and a single form of

DinariieSf besides some very characteristic species of Nautilus^ which very much
resemble European triassic shells. The same is the case with many of the bivalves,

‘ of ^hich some Myophorm .and Gervtlha look as if collected in the» German

Musichclkalk. •

1 am inclined to consider the Upper Ceratite limestones as well as the Bivalve

limestones as the equivalents of the Muschelkalk of Europe. So much is certain

that with the latter again a great division comes to a close, ahd that the beds which

follow yet higher in the series belong to another system of rocks.

The next higher division is composed of dolomitic strata which often show a

rather indistinct bedding and attain a* very considerable thickness. 1 have called

these beds the “ Dolomitic broup,*' This group of rocks is nearly devoid of

organic remains. Some small internal casts of barely determinable bivalves and

gasteropoda were the oqly fossils that I was able to detect. I'hey are hardly

sufficient to determine independently the age of these strata..

At lastihere follows above the Dolomitic group a small set of thinly bedded yel-

lowish bmestones, exposed in the west mo#y, just at the base of the ** Variegated

<3r6up*’' I shall introduce forJthem the designation of Topmost limestones.*’

They are ci^wded^ bivalve shells, but ulso some Cephalopoda

emong tbemf The fossils oan, however, only with the utmost difficulty be

ddtsoh^d rpek ; &i^ only a single species is in a fit condition to be deter-
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mined exactly, but this is of very great interest. It is an ammonoid Cephalopoda

shell, whicTi on a first glance might be determined b> everybody as a species of

Tropites, but on a closer examination one finds that the sutural lines, as far as they

can be observed, are much simpler than in the mentioned ’genus. There is only a

single lateral lobe present, and this is only with very small denticulations : no

ramifications whatever as in Tropiies proper. Therefore, I must consider this form*

as belonging to a new genus, for which 1 shall introduce the name of Pseudhar^

poceras. Nevertheless it •is of great interest to find here a form so nearly# related

to the genus Tropiies^ a genus which is so very characteristic of the Upper Trias of

Europe, •

I thus am led to parallelise the Dolomitic group as well as the topmost lime-

stones with the Upper Trias (Keuper) of Europe. That in this Ujpper Trias the

Rhaetic beds are not included has been remarked already above, 'i’hey seem to

be represented by a part of the Variegated series, as in some beds of this division

(pecics of plants, which occur also in the Rajmahal-beds, have been found.

It has been shown in forriier publications, jhat an overlap takes place at the

base of the Variegated series, and thus the upper limit of the Ceraiite formation is very

distinctly marked.^ The formation must be terminated by the topmost limestones

as distinguished by me. Whether then by the beds exposed in the Salt-Range the

entire scries of the upper triassic strata up to the Carnic group is represented, or

whether there exists a greater gap, correspondig in time to the overlap, cannot

be stated now.

The most peculiar feature then that results from all "that has been stated up to

the present consists in the circumstance that all the ammonoid Cephalopoda shells

that have been found in the triassic beds of the Salt-Range show ceratitic, very rarely

goniatiiic, sutural lines, whilst the ammonitic development is completely absent.

This constitutes a fundamental difference from nearly all the other triassic countries

I had to describe already from the Permian of the Salt-Range a number of per-

fectly ammonitic forms, and in the next succeeding strata all such have absolutely

disappeared.

In the Himalayas we have numbers of ammonitic forms in triassic beds, sucji as

Piychites and the like genera, but these are out of strata, which in their age most

probably correspond to Dhe Muschelkalk of Europe. In lower positions the Ce-

phalopod fauna seems, according to Mr. Griesbach's indications, to be r^ither similar

to that of the Salt-Range. It will now be one of the most important questions

that will have to be solved by the exploration of the Himalaya, to state how
far up in the series of strata the sirnilarity to the Salt-Range extends, and in what

relation the P/yM/es-heaxing rocks are to those containing part of the Salt-Range

Ceratite fauna. Then also the question as to the definitive parallelisation of the

Salt-Range strata with those of Europe can be borne out, and it will be possible to

demonstrate whether n\y view, that the Upper Ceratite limestone must be considered

as equivalent to part of the Muschelkalk *of Europe, be correct or not.

If this view should prove to be correct this would go far to show conclusively

that the Salt-Range triassic deposits belong d;o a triassic zoological province, which

bei^a a certain similarity to the one that has been described in its contents from

Siberia, but which would he absolutely different from that as developed in thef

Himalaya «yid the Alps. • *
^
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ADDENDUM.
In connection with the preceding paper by Dr. W, Waagen I have thought it

advisable to add the following translation of a paper read by Dr. Mojsisovics at the

Academy of Sciences^ Vienna, in- May last, in which also the learned author gives

a clear account of the origin and aim of the recent joint expendition which was
sent to the Central Himalaya for the further collection of fossils from the Triassics

between Milam and Niti. This Mission has now returned wtih a splendid and
fully lepresentative series of fbssils, which are bein^ dispatched to Vienna for

study and description by our very highly esteemed and most specially versed

Austrian confreres in Alpine Triassic “geology, for whose engagement loo on this

work we have to thank a very constant and warm friend of the Survey, Professor

Ed. Suess. «Half of the collection will ultimately be returned to the Survey

Museum. Ed^

Preliminary Remarks on the Cephalopoda of the Himalayan Trias.—By
* Dr. Edm. von. Mojsisovics.'

At the suggestion of C. L. Griesbach, who for some years past worked as Geolo-

gist on the Geological Survey of India, and who as such has earned much distinc"

tion by his travels and studies in the Himdlaya and in Afghinistdn, the Geological

Survey of India consented to send the entire palaeontological collections of the

various Himdlaya expeditions to Professor Ed. Suess in Vienna, with the request

that this material might be described and worked out by Austrian specialists.

Invited by Professor Suess, I agreed to undertake the description of the Cepha-

lopoda of the Trias, whilst Dr. Alex. Bittner will look after the description of the

remaining fossils of this formation.

By far the larger portion of the Cephalopods of this collection bolongs to the

lower beds of the Trias (concerning which we possess papers by Salter, Blanford,

Stoliezka, Oppel, and Griesbach), and these demonstrate that in the Himdlaya the

Muschelkalk is represented by a fauna analagous to that of the Alpine Mus«

chelkalk, whilst the Buntsandstein has yielded a peculiar fauna of its own.

" However, almost completely unknown up to now were Cephalopods from the

upper division of the Trias; they are represented in this collection by a few small

suites of specimens found by Griesbach, which specimens are, however, of the

greatest interest. It is unfortunate that the material is,* quantitatively speaking,

quite insufficient, if one is not contented with merely establishing the -fact of the

existence of a few species, but wishes to obtain a deeper insight into the composi-

tion of the different faunas r.nd of Jthe zoo-geographical relations of the latter to the

arctic-pacific Trias province on the one hand, and to the European faunas of the «

<

triassic period on the other. For these reasons I declared, immediately after the

receipt of the collections, that the material is insufficient for a monographic de-

scription of the TriastCephalopods of thq Himdlaya, and i expressed at the same

time the wish that, considering the great scientific interest which a more detailed

knowledge of Himdlayan Trias ;woiild poe^ss, a special expedition might be or«

ganized hud dei^aitclmd for die purpose of making extensive collections at the

tnoie knd prom^g localities.
^

d. K£s. Aka^mb d, Wissenscbafteii, Viencu. Math. Nat.^ClaMe
j
Vol,

. Cl» A'bth. If .May tfifpa* .

' * ^
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Thanks to the liberal response of the Director of the Geological Survey, who
obtained ioi the purpose the necessary funds from the Inilian Government, and
owing to the liberality of our Academy, which voted a considerable sum of money
out of the Bou^ fund

;
this expedition has now been made possible, and to Dr. C.

Diener, who is in every respect fit to solve the task, has been entrusted the

mission. Before this expedition leaves, it seems to me useful to set down our

present knowledge of the subject, by giving a short sketch of the triassic cephalo-

pods of the Himalayas as fat as the available mateilal permits, and by the a^d of

the stratigraphic data furnished by Griesbach.

I.
—

'I'he alleged youngest cephalopod horizem represents approximately the zone

of 7'ropites subhuVatus oi ovx Hal Istatt limestones. The fauna consists chiefly of

Tropites species, and shows quite a wonderful analogy with the feems of the

Salzkammergut. The ammonites are unfortunately not very well preset ved in the

marly grey limestones, which impedes somewhat the determination and comparison

of the same. The locality is situated close to the frontier of Tibet, seemingly in a

stratigraphically very disturbed region.

Griesbach looked upon this horizon as lower lias according to the labels

attached to his specimens, without, however, mentioning this fact in his fine volume

on the “ Geology of the Central Hirndlayas.^*’ I presume that the seeming simi-

larity of the keeled Tropites species with Arieiites has caused this mistake.®

Lower Lias is mentioned as occurring in normal position over rhaetic strata at

other localities, the latter beds certainly agieeing in development with the Koessen

beds of the Alps. It would be of the greatest importance to ascertain whether the

Tropites limestone of Kalapani corresponds stratigraphically really with this Lower

Lias, or, as may be more probable, it belongs to a lower horizon. In the first case,

we would not be entitled to identify in future the complex of beds which lies below

the Tropites beds with the rhaetic formation of Europe.

II.—A second Upper T rias Cephalopod horizon is found, according to Gries-

bach’s report, below the Lower Rhaetic, which is correlated with our Dachsteinkalk

and Hauptddlomite. At Rimkin Paiar were found a few* small ammonites of the.

genera Sibirites, Heraclites and Halorites, which are related to forms in the Juva-.

vian Hallstatt limestones; for which reason this fauna is of specially great interest,

and it is most desirable to olAain further collections from this locality,

HI.—A third cephalopod horizon of Upper triassic type is found at the base of

Griesbach’s Upper 'I rias, and is connected with dark Daonella limestone also of

Upper Triassic type. The few specimens which we have out of this horizon belong

to the genera Arcestes^ Entomoceras^ Arpadites and (?) ^'rachyceras? Several of

•tliem remind me of .species which occur in our Alps in the zone of 7'ropUes sub-

bulatus,

IV.—V^’hilst the Upper Triassic cephalopods here mentioned are known at pre-

sent only from the regions ^f the Central Himalayas near the Tibetan frontier, it

appears that the next horizon possesses a much wider horizontal distribution, for it

is found not only in Kumaun, Niti, and the adjoining regions of Tibet, but occurs also,

• Mem. Geol, Sutr. Ind., Vol. XXIIl. * .,.**.*
• The label was written in the fiejd, when the specimen was mistaken for Anetites, but

.

the locality was later on recognised as Trias, and so recorded on the^map. hd*

• From this horison seem to he derived a small portion of the* fossils itfxa the Niti Pass

described by Salter in tdte “ Palaeontology of Niti*'** . ^
•

C
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in the second Triassic province of the Central Himalayas, that of Spiti, which is

already known for some considerable time.

From this horizon, which may be looked upon as a homotaxial equivalent of the

European Muschelkalk, are derived the fine series of fossils, collected by the Bro-

thers Von Schlagintweit and described by Oppel, which are preserved in the

Palaeontological Museum at Munich; also the fossil remains from Spiti described by

Stoliczka, and part of the forms figured by Salter and Blanford in the “ Palaeon-

tology of Niti ” which are now in the British Muse^im ih London.

llie collection entrusted to me for description comprises the entire material from

this horizon, which was contained ill the Calcutta Museum, including all the figured

types of Stoliczka. This suite of fossils is far inferior to the Schlagintweit collection

in the Munkh Museum, but contains a few very valuable and interesting specimens.

Palaeontologically considered, the Muschelkalk of the Himalaya forms a connect-

ing link between the '' Arctic " and the Mediterranean " Muschelkalk development,

and I have already proposed for it the term “ Indian Trias-Province.” ^

It siiould be prominently noted that a few genera occur in the Indian Mus-

chelkalk which are only known in Upper Triassic strata in Europe.

Amongst them are— .

Sagenitest with the species S, medleyanus (Stol.)

IsculiteSi „ „ /. hauerinus (Stol.)

Lohitis^ „ „ L, oldhamionus

CladisciteSf „ CL indicus {Amm. gaytanif SXo\,)

V.—As the merit of the discovery of these threeUpper TriassicCephalopod horizons

belongs to the indefatigable Griesbach, so also do we entirely owe our knowledge of the

following cephalopod fauna, which underlie the Muschelkalk, to his investigations.

Within the upper division of a great thickness of beds immediately underlying

the Muschelkalk, south-east of Muth in Spiti, a series of grey “ Wellenkalk ** like

beds occur which contain a great number of casts of large ammonites, which re-

mind one strongly of the great cephalopod fauna of the ceratite beds of the Salt

.Range, which W. Waagep is now describing.

Only, however, when further additions to this collection have been made, and

Wasgen’s material has been worked out, will it be possible to decide whether this

correlation is correct. Dr. Waagen looks upon the fauna of the ceratite beds of the

Salt-Range as proving the latter to be homotaxially equivalent to the European

Buntsandstein.*

VL—At the base of the same series of beds are the Otoceras beds, discovered

and exploited by Griesbach, with a cephalopod fauna of few genera, but great abund-

ance of individuals. It^s a true shell-limestone, chiefly formed of Xenodiseus

specimens. Much rarer are Meekocerhs^ Otoceras and Prosphingites.^

In a some^what lighter-coloured, less argillaceous rock, both in Spiti and in

^ Arktlsche Ttmls fauueu, M^m. de I’Aeaddmie imp. des sciences de St. Petersbourg. VII.

deHe, T. XXXIII, No. 6, p. 153.
,

* 1 hive before me a lower triassle ladha froiii the Bay of Ussuri near Vladivostcck in

BiuMieni; wbieb has been absoliftely nnknown till now. 1 believe it to be homotaxially

el nge. Mutehelljcetk also occurs there (Rnssk] Island) developed similarly to

%i|£^geii Trias, characterised by specimens of i^yekiies and kfont^hylHies.

kom this hoHson, amongst them OUcerme^wodmtrdi, have

heaa described, and figured by Griesbach 111 Rec. Geol. Surv. Ind., Vol XlII, pp* 94 to 1 13. -



PART 4.] Tri-monthly Notes* 189

Kumaun, occur forms which differ slightly from the species which are found in the

typical Otoceras beds, and these possibly belong to a horizon which may be distin*

guishable from the lowest beds. Amongst the fossils of this upper horizon very

evolute ceratites are conspicuous, which probably belong *to the genus Dinarites

although they remind one strongly of Tirolites. It appears that these beds are of

great horizontal distribution, since several specimens of Dinariies in the collection

'

have been brought from Banda in Kashmir.

As regards the probable age of these beds, wWch are immediately underlaid by

Permian strata with Producii, it may be remarked here that the fossil contents bear

the zoological character of a low Buntsandstein fauna. Goniatites are completely

absent, and the ceratitic development of lobes prevails entirely. For this reason,

the fauna appears still younger than the Permian species described by Abich from

the Araxes defile near Julfa in Armenia, which contains besides Goniatites^ also

some spe(:ies of Otoceras^ although the latter are not so highly de^reloped as the

forms in the Indian Otoceras beds. It is therefore most probable that the Indian

Otoceras beds form the base of the Buntsandstein, and are closest to the boundary

of the Permian. •

Since we also r^egate the cephalopod fauna, mentioned in paragraph V, to the

Buntsandstein ; it appears that the richest series of the Buntsandstein hitherto known

is found within the Himalayan area : and that whilst in Europe and in Siberia the

cephalopod-bea» ing beds begin far higher up, namely, immediately below the Mus-

chelkalkM, in the Himalayas the entire series of strata of limestones and shales of

homotaxially Buntsandstein age, shows a genuine pelagic character, and sediments,

rich in cephalopoda are found already at the base of the same.

GEOLOGICAL SURVEY OF INDIA DEPARTMENT.

TRI-MONTHLY NOTES.

%

No. 13.'*-^Endimo 31ST October 1892.

Director's Office^ Calcutta, jrst OctobeP iSga.

The Director returned from privilege leave on the 24th of September.^ During

his absence, Mr. Hughes, who officiated for spent most of the time oh duty at

Simla in immediate conference with the Revenue and Agricultural Department
,

* This IS {droved in the case of the Siberian^Olenek beds by the high^tate of development

of the principal cephalopod species. .
*

C2
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The Diener Expedition, instituted by the Academy of Sciences of Vienna in

communication with the Government of India, for the collection of a fuller and

more representative series of fossils from the Triassic formation, as displayed m
the Himalayan frontier country between Milam and Niti on the one side and the

Thibet-Hundes on the other, has been brought to a successful conclusion. The

party consisting of Dr. Diener who had been sent out from V ienna, and Messrs.

Griesbach and Middlemiss of this Survey, broke up in the middle of October, Dr.

Diener ' leaves Calcutta for Vienna on the 3rd November : a large collection of

fossils which is fully and very duplicatively illustrative not only of the features and

relations of the questions arising out of the more poorly represented senes in the

collections sent to Europe by the Survey last year for determination and description

by Austrian siwcialists, follows Dr. Diener. A very happy result of the Mission is

that the original survey of this Himalayan region by Mr. Griesbach has received

complete confirmation. The further fossil evidence which was required, to com-

pletely establish his three upper Triassic Cephalopod zones, and more especially his

Indian.Muschelkalk horizon, with SageniUs, etc., and those of the Dinaritts and the

Octocerai beds, attributed to lower Triassic age, are reported to have been fully

^In the South of India, Mr. Holland took the opportunity, during the last month,

of following up the series of ultra-basic rocks which he discovered last season in the

Salem district. In the north-west direction, they occur intruding into the metamor-

phics of the Mysore State, and in places are accompanied by a development of

magnesite and chalcedonic veins similar to those exposed on the well-known

“Ctolk” hills The Corundum beds of the Hunsur taluq, which are associated

with graphitic schists and are frequently interrupted by the above-mentioned igne-

ous rwks. follow the general north-north-west and south-south-east strike of the

crystalline schists of that area, and they may be traced from Singanamarai.halli in

the south-east to Ramenhalli in the north-west ;
whilst, from the evidence of speci-

mens which have been collected, it seems that the same beds extend in one direc-

tion into the. Coimbatore district and in the opposite direction to the Uppinagadi

taluq of the South Canara district— coinciding thus with the general direction of

foliation of the metamorphic rocks . A many of these rocks are of considerable

petrologies interest, Mr. Holland is preparing an acedunt of their microscopic

characters to accompany his field-notes. Amongst them iJe find a large series of

hypersthene-bearing rocks varying in composition from hypersthenermicrocline-

granite to almost pure hypersthene-rocks. Various stages, also, in the decomposition

of the Cormdum, with its silicificatioh and hydration, are represented amongst the

specimens collected.
_

..

In a previous issue of these tri-monthly notes. No. 1

1

, ending 30th April last, it

was mentioned that Dr Noetling had been successful in unearthing a series of

vertebrate fossils froip the tertiary rocks near Yenangyoung.. This collection is no v

being registered in the Museum of the Shrvey, and it turns, out to be one of the

finest displays of Siwalik forms which hajj^n brought to light since the historic

.fihds.of Cautliey AUd Eilqoner ip the original. Siwalik area. So far. Dr, Noetling has

heep, JiMp the following:— ? Squaltd^n, sp:, } Zutia, sp., Anikraco>
'

Pont.^ Ant^aehtkeriim, cf. h)/»)>otamoides, Lyd., 'Cervus, tp.,

[''0i0i04i0o^6eroSi Lydii BosilapAuf, ep.^ Jlipparion antelnpinvin, Fab and Caut.,

S$a Lyd., Ifippopobimui iravadic$a, Lyd., Rhinoceros {Aceritherium) iravadi-
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cux, Lyd., Rhino, sivalensis^ Fal, and Caut„ Elephas {Siegodon) clif/ij Fal. and

Caut., Mdstodon latidens^ Clift. Avis^ sp. nov., Colossochelys ailas, F. and C., Emyda
sivalensis, Lyd., Trionyx, sp,, CrocodUus sivalensis, Ly.d.» Garialis, cf, gangeticus^

Gmel., Myliohates, sp,, Lamna, sp,, Cartharias, sp, *

Chipped flints were found in the Hipparion antelopinum bed, together with

Rhino, iravadicus. Rhino, sivalensis, Girialis gangeticus, CrocodUus, sp., Coloss&chi^.

lys atlas and Irionyx, sp.

The officers of the Surey have been disposed ^or the camping season a§ below,

and most of them are now at the scene of their operations :

—

Theo. W. H. Hughes, Superintehdent
; F. H. Smith, Assistant Superin-

tendent; Kishen Singh, Sub-Assistant.

B iluchistan.—C. L. Griesbach, C.I.E., Superintendent. •

Assani,—R. D. Oldham, Superintendent.

Lower Bur?na.—P. N. Bose, Deputy Superintendent ; P. N. Daita, Assistant

Superintendent. •

Upper Burma ,—Fritz Ndetling, Palaeontologist. *

Salt-Range Coal,—Tom. D. LaTouche, Deputy Superintendent ; W. B. D.
‘ Edwards, Assistant Superintendent.

Hazara,—C. S. Middlemiss, Deputy Superintendent; Hira Lai, Sub-Assistant.

Head-quarters,—^The Director ;
and T. H. Holland, Assistant Superintendent.

It is intended that Mr. Hughes shall visit Mergui early next year, in view of the

coal exploitation on the great Tenassarim river, which is about to be undertaken by

Mr. Bose. Mr. Oldham, at present on leave, will keep touch with head-quarters

until the forthcoming Manual of the Geology of India is completely passed for

Press. Mr. Holland is engaged, in addition to his other duties, in lecturing

on Geology at the Presidency College. He will avail himself of every opportunity

lor contimiing his mineral exploration in the Madras Presidency.

List of Assays and Examinations made in the Laboratory, Geological

Survey of India, during the months of August, September, and

October, i8g2.

* Substance.

•

1

For whom. . Result.

-J
•

Two specimens of ferrugin- T. W. H. Hughes, Geo-
ous quartz, from Mysore
mines assayed for gold.

logical Survey of Inoia.

•

•

•
•
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List of Assays and Examinations made in the Laboratory^ Geological

Survey of India^ during the months of August^ September^ and

October^ continued.

Four specitnons o( Amal<
gam

Four specimens; qnart&,

clay, etc., for gold
;
and

6 specimens for tin, from
^Burma. «

J. Driver, Managing
Agent, KaHanpur*Behar
Gold, Mining Co,, Ld.,

Calcutta.

P. N. Bose, Geological
Survey of India,



PART .4 ] Tri-montKly Notes.

List of Assays and Examinations made in the Laboratory^ Geological

Surrey of India^ during the months of August^ September^ and

October^ /<yp2— continued.

Substance.

Coal found while digging

a well at Village Chattri,

about 49 in lies from
Bikanir, at a depth of

about 240 feet from the

surface
;
seam about 5

feet thick.

Quartz and calc-spar, with

iron pyrites, from Chota
Nagpur.

Two specimens of rocks,

from Madras, for silica

percentage.

I

C. S. Baylev. C.S., Politw

cal Agent, Bikanir.

(1) Washed sand, chiefly tourmaline,

from “ Frathan, head-waters^ of the

Lenya River.” Contains tin.

(2) Washed sand, from “ Manoroon.”
Contains a trace of tin.

*

(3) Washed sand, from ** Shwe Chang
Myetta.” Contains tin.

(4) Decomposed granitt, from ” Granite

Hill Mines, Inner Bokpyn.” Contains
no tin.

(5) Red micaceous sandstone, from
” Hill Mines, Maliwoon.” Contains no
tin.

(6) Specimen from “ near Ihdeorza.”
B Wolframite, with quart/.

Quantity received 12\ Og,

Moisture . *
. ,

9*04

Volatile matter • • 30*30

Fixed carbon • • 14'4^

Aah • • • 4^*^4

Does not cake.
Ash-pale gray.

J. Yates, Mackillican Assayed for gold.

& Co
,
Bengal Gold and

Silver Mining Co., Cal-

cutta.

Thomas H. Holland, No. I, 470,/fom N, of Kanjamalai,

Geological Survey of / tnilefrom Sitheswarankovil,

India. Contains 54*46 per cent, silica (SiO,).

No. '— I from Pallavaram,

Contains 47*79 per cent, silica (SiO,).

Air.ber, from the amber F. NSbtung, Geological ,
No. I, 3S9. sp- gr. i'037.

niiuei, Upper Burma. eSurvey of India.
j

> li 3<5*i » «'o46.

Coal and clay, from K«l- A. Uios, Deputy Com- Caal. QuenUtf received, 60lbs,

aba-Toung, about if mUsioner, Kyaukphyu. Moislure . . yoa

mUea from Kyaukphyv.
* Volatile letter . S3 'a

' Fixed carbon . 89*34
Ash • • . 14*52

Cakes strongly.

Ash, red.

100*00
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List of Assays and Examinations made in the Laboratory^ Geological

Survey of India^ duruig the months of August^ September^ and

October j8g2 -concluded.

Substance. For whom. *

Result.

Crystalline limestone,

found in Sikkim.
1 C. White, Political

Agent, Sikkim.

Clay. Quantity received^ ylbs.

Fused completely at a reddish-while
heat

;
will not answer as a fiie-cIay.

Contains 21*00 per cent, of insoluble

matter, consisting of sand, etc., the
rest (79 per cent.) being carbonate of

lime, with a trace of iron and alumina.

Notifications by the Government of 17idia and the Geological Survey of
India during the months of Augusts September^ and October iSgx^

published in the *' Gazette of India/^ Parts I and 11.—Leave.

Department.
No. of

order and date.
Name of officer.

Nature of

leave*

With effect

from
Date of

return.
Remarks.

Revenue and
Agricultural

Department.

3rd

August 1892.

P. N, Datta,
Assistant

Superintendent,
Geological
Survey.

•

Privilege 26th Aug.
1892.

18th Oct.

1892.

Ditto
dateJ 16th

174
August 1892.

H. B. W.
Garrick,

Artist, Geologi-
cal Survey.

Do. . 20th Aug,
1892.

loth Oct.

1892.

Geological Survey
Depertmcnt.

1205, dated 26th

August 1892.

R. D. Oldham,
Superintend-

ent, Geological
Survey.

Do. .

i

7th Oct.

1892.

»

...

Annual Increments to graded Officers sanctioned by the Government of
India during August^ Septemher^and October i8g2.

Name of officer,
t

From To With effect

from
No. and date of

sanction.

•

Remarks,

y

P N. Datta, Assistant

Stiperin£endent, Geologicftl

Survey,
,

*
'

'

'
,

’

300

' 4

M a. p.m 5*^
m

\
:

1st July
iSgx

4

•

Revenue and
Agricultural

.Department

No. dated
* '

'
'

fa

^
;

'

¥

30th July 18^.
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Annual Increments to graded Officers sanctioned by the Government of

Indid during August, September, and October /^pa—concluded.

Name of officer. From To I Remarks.
from sanction.

P. H. Smith, Assistant

Superintendent, Geological *

Survey.

T. H. Holland, Assistant 380
Superintendent, Geological

Survey.

C. L. Gribsbach, Superin-
tendent, Geological Survey.

Fritz Nobtling, Paloento-

logist, Geological Survey.

a. p.

O o 1st August Revenue
1899. AgriculAgricultural

Department

No. dated

o 1st Septem-

I

ber 1892.

13th August

I

1892.

o 1st Septem- Revenue ij^d

ber 1892. A^rricultural

Department

No. dated

13th September
i 1892.

•

O 1st August Revenue and
1892. ' Agricultural

Department

No. dated

13th September
1892.

O 1st October Revenue and
1892. • Agricultural

Department

No. ’,0®' dated

22nd October
1892.

Postal and Telegraphic Addresses of Officers,

Name of Officer. Postal address. Nearest Telegraph Office.

T, W. H. Hughes

C. L. Gribsbach
t

R. D, Oldham .

P. N. Boss

T. H. D. LaTouchb

C. S. MrODLBMlSS

W. B. D. Edwards

P. N. Datta

F. NObtling •

Hira Lal • ,

Kishen Singh •

. Mirzapur ,

. Quetta •

. Calcutta .

Mergui •

• Haranpur

. Abbottabad

. Haranpur

«

. Mergui

Calcutta •
*

• Abbottabad

• Mirzapur

Mirzapur.

Quatta.

Calcutta.

Haranpur.

Abbottabad.

Hananpur.

Calcutta.

Abbottabad.

Mirzagpr.
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DONATIONS TO THE MUSEUM.

From ist August to 318T October 1893.

A miscellaneous collection of mineralSj from Cornwall.

Presented -BY Charles von der Hillen,53, Chowringhee, Calcutta.

A specitnen of auriferous quartz^ from the Rajgeer Range/ about 4 miles from the eastern

end, Behar; and a string of beads made from rock crystals, at Nana, about 8 miles

south of Behar.

. Presented by C. Purdy, I(alyanpur.

Fragment of a molar of Elephas sp., from the Godavari River.

Presented by T. Vanstavern, Dowlaishweram.

ADDITIONS TO THE LIBRARY.

From zst July to 30Ta September 1892.

TitUs of Books. Donors.

AnorS, George (7.—A Practical Treatise on Coal-mining. Vols. I and II.

4^ London, x888.

Ball, Sir Robert^The Cause of an Ice Age. 8° London, 1891.

Becker, George F.—Gedlogy of the Quicksilver Deposits of the Pacific Slope. 4°

Washington, x888.

Revenue and Agricultural Department.

Benedikt, Dr. /?., and Knecht, F.—The Chemistry of the Coal-Tar Colours. 8°

London, 1889.

Blake, J. F.—Annals of British Geology for 1890. 8° London, 1891.

BonneY, Prof. T. (7.— The Year-Book of Science for 1891. 8° London, 1892.

Brezina, Explanation of the principles of Crystallography and Crystallo-

physics. 8® P. Washington, X874. •

Bronn’s Klassen und Ordnungen des Thier-Reichs

BandII,Abth. II., lief. 6-8.

19 II9 n HI., „ I3-i6*
*

„ III, lief. 1.

„ IV, „ 2X.23.

* „ V, Abth. II., lief. 32-34.

„ VI, „ .V, „ 37.39.

• .
* 8® Leipzig, 1893.

Cassino, 5*. F.—The Scientists’ International Directory, containing the names, addresses, **

special departments of study, and of Professional and Amateur Natura-

/ lists, Chemist^, PhysicistSp Astronomers, &c., 8® Boston, 1^92.

CoRST^BLB* ifycA*84<rf.-^Travels in the Mc^ul Empire by Francois Bernier. A.D.
165^1668. 8® Westniinster, 189Z. «

Davies, Z>. C—A Treatise on .Earthy and o|l}er Minerals and Mining. 8® London, X892.

Fx^ER, Rm. OfiNiwid.-—Physics of the Eaith^s Crust 8® London, 1889.

on ^ progress of the Iron and Steel Industries in Foreign

V C 8® P. Newcastle-upon-Tyne, 1876.

^i^Elementary *UfSohs in Physical Geography. 8® London, 1892.
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Tiilts of Books. Donors.

Gouin» Francots.^Tht Art of Teaching and Studying Languages. 8*London» xS92.

Harrison, W. Elementary Text-Book of Geology. 8° London, 1889.

Harrison, W. and Warefield, R.—Earth Knowledge/ Parts I and II.

London, 1891.

Holland, T. //.—Preliminary Report on the Iron-Ores and Iron Industries of the Salem *

District. 8® P. Calcutta, 1892. The AOmoR.
King, C. IT.—The Natural tlistory of Gems or Decdrative Stones. 8® London|.i867.

Kolbe, Dr. H.—A short text-book of Inorganic Chemistry. 8® London, 1892.

Lspsius, Richard.-- Geologie von Deutschland i!nd den angrenzenden Gebieten. Bdhd

I, lief 3. 8® Stuttgart, 1892.

Littlehales, G. The average form of Isolated Submarine peaks, and the interval

which should obtain between soundings taken to disclose the character

• of the bottom of the Ocean. 8® P. Washington, 1890.

Revenue and Agricultural Department.

Marcou, Jules.^'The Geological map of the United States and the United States

Geological Survey. 8® P. Cambridge, Mass , 1892. .

, ^
The Author.

Merrill, George, P.—Stones for Building and Decoration. 8° New York, 1891.

Mills, P. lY.— Photography applied to the microscope. 8® London, 1891.

Milne, and Burton, W. /T.—The Great Earthquake of Japan, 1891, 2nd Edition.

Fol. Yokohama, 1892. ^

Newberry, John 5.—Fossil Fishes and Fossil Plants of New Jersey and Connecticut

Valley. 8® Washington, 1888.

Revenue and Agricultural Department.

The Paleozoic Fishes of North America. 4® Washington, 1889.

Revenue and Agricultural Department.

Norwegian North Atlantic Expedition, 1876—1878. Zoology, Crinoida and Echinida, by

D. C. Danielssen. 4° Christiania, 1892. The Committee.

Pal6ontologie Fran^aise Terrains Tertiaires ^c6ne Echimdes. Tome 11 ,'liv. 26. 8®

Paris, 1892.

Pamely, The Colliery Manager’s Hand-book. 8® London, 1891.

Philips’ Handy Volume Atlas of London. 8° London, 1891.

Roscoe, Sir M* E,, and Schorlemmer, C.—A treatise on Chemistry. Vol. Ill, part

6. 8® London, 1892.

Sadtler, Samuel P.—A Hand-book of Industrial Organic Chemistry. 8® Philadelphia^

Siemens, C. —On Puddling Iron. 8® P. London, 1868.

On smelting Iron and Steel. 8® P. London, 1873.

Streeter, Edwin W,—The Great Diamonds of the World. 8® London, 1882. \ ^

Thomson, Sir C, WyviiU, and Murray, Report on the Scientific Results of the
"

voyage of H. M. S. ** Challenger** during 1873—1876. Deep S(pa

Deposits. 4® London, 1891. • India Office, •London.

Tryon, G, ip.—

M

anual of Conchology. VoU'Xll, part 52, and 2nd series, Vol, VI,*part^

28. 8® Philadelphia, 1892. '

^

* *

• •

* *
?3
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Titles of Books, Donors.

Walcott, Charles Z).—Preliminary Notes on the discovery of a Vertebrate Fauna in

Silurian (ordovician) Strata. 8° P. Rochester, 1892.

• The Author.

M The Fauna of the Lower Cambrian or Olenellus zone. 8°

Washington, 1890.

, ‘ Revenue and Agricultural Department.

Wallace, Alfred Russel,^ Island Life or the Phenomenal and causes of insular Faunas
and Floras including a revision and attempted solution of the problem

, of geological climates. 8^ London, 1892.

Watts’ Dictionary of Chemistry. Vol. II I, revised and entirely rewritten by H. F. Morley

and M. M. Pattison-Muir, 8® London, 1892.

Weed, W, The formation of the Travertine and Siliceous Sinter by the vegetation

of hot springs. 8° P. Washington, 1890. The Author.

Whymper, Bdvard.^How to use the Aneroid Barometer. 8° London, 1891.

„ Travels amongst the Great Andes of the Equator. 8° London,
' *

1891.

„ Supplementary appendix to travels amongst the Great Andes of

the Equator. 8^ London, 1891.

PERIODICALS, SERIALS, etc.

American Geologist. Vol. IX, Nos. i~6, and X, No. i. 8° Minneapolis, 1892.

American Journal of Science. 3rd series, Vol. XLIII, No. 258 to Vol. XLIV, No. 260.

8° New Haven, 1892.

American Naturalist. Vol. XXVI, Nos. 306-308. 8® Philadelphia, 1892.

Annalen der Physik und Chemie. Neue Folge, Band XLVI, heft 2-4. 8° Leipzig,

1892.

Annals and Magazine of Natural History. Vol. X, Nos, 55-57. 8® London, 1892.

Athenaeum. Nos. 3373-33?4* 4® London, 1892.

Beiblatter'zu den Annalen der Physik und Chemie. Band XVI, Nos. 5-7. 8® Leipzig,

1892.

Chemical News. Vol LXV, No 1699 to Vol. LXVI, No. ^710. 4® London, 1892.

Colliery Guardian. Vol. LXIII, No, 1642 to Vol. iLXiy, No. 1653. Fol. London,

1892. 4

Geological Magazine. New Series, Decade III, Vol. IX, Nos, 7-9. 8® London, 1892.

Indian Engieering. Vol. XII, Nos. x-12; and supplement Vol. XL Fisc. Calcutta,

1892.
^

Pat. Doyle.

Iron. Vol.^XXlX, No. 1014 to Vol XL, No. 102^. Fol. Londp.n, 1892,

Mining Journal. Vol, LXII, Nos. 2964-2975. Fol. London, 1892.

Natural Science. Vol. I, Nos. i*6. 8° London and New York, 1892.

Natu^. V0I..XLVI, Nos ii8i-U92« 4® London, 1892,
^

Neues Jahrbuch fuf Mineralogie, Geologie und Palaeontologie. Band I, heft 3. 8^

Stuttgart, 1892.

fOil and Colounpan’s Journal Vol. XlJII^fos. T43-I45- 4® London, 1892.

Peteriiilinii*a ' G^graphischer Mitth^lungen. Band XXXVIII, Nqs* 6*8. 4® Gotha,

r :

‘ 1892. *

^
Tub Editor.

Sfci^ifc^Atnerican. Vol. LXVI, Nos. 23*2^ and LXVII, Nos. i*8. Pol. New York| 1892.
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Scienti^c American. Supplement. Vol. XXXIII, No. 857 to Vol. XXXIV, No. 868.

Fol. New York, 1892.

The Indian Engineer. Vol. XIII, Nos. 273-284. Fisc., Calcutta, d 892.

J. MacIntyrb.

GOVERNMENT SELECTIONS, RKI OR! S, etc.

Bombay.— Magnetical and Meteorological Observations made at the Government Obser-

vatory, Bomba), in 1890, with ay appendix. Fisc , Bombay, 1892. •

Bombay Government.

,, Selections from the Records of the Bombay Government. New Series-

Nos. 256 and 258. Fisc., Bombay, 1892. Bombay GtfvERNMKNT.

India.—Adn^inistration Report of the Marine Survey of India for 1891-92. Fisc., Bom-

bay, 1892. Bombay Government.

„ Administration Report on Railways in India for 1891-92. Part L Fisc.,

Simla, 1892. Government of I^ft)rA.

,, General Report on the operations of the Survey of India DeparlmeTit for

1890-5)1. Fisc., Calcutta, 1892.
' S*urvev of India.

,, Quarterly Indian Army List, New Series, No. 12. 8° Calcutta, 1892.

Government of India.

„ Indian Meteorological Memoirs. Vol. I, Part I. 4° Calcutta, 1892.

Meteorological Reporter to Government of India.

„ Meteorological Observations recorded at seven Stations in India in 1891, cor-

rected and reduced. 4° Calcutta, 1892.

MltTKOROLOGlCAL RkPOI^TER TO GOVERNMENT OF INDIA.

„ Monthly Weather Review for November 1891 to April 1892. 4° Calcutta,

1892. Meteorological Reporter to Government of India.

Register of Original Observations in 1891 and 1892, reduced and coi reeled,

November 1891 to April 1892. 4° Calcutta, 1892.

• Meteorological Reporter to GovERNfi«^NT of India.

Register of Original Observations in Madras, reduced and correcte’d, January
” 1891 to April 1892. 4° Calcutta, >892.

Meteorological Reporter to Government or India.

Report on the Meffeorology of India in 1890. 4® Calcutta, 1892.

METEOkOLOOlCAL REPORTER TO GOVERNMENT OF InDIA.

Selections from the Records of the Government of India in the Foreign Depart-

me.nt. Nos. 288 and 291. Fisc., Calcutta, 1892,

• • Foreign Department.

Madras,- Madras Meridian Circle Observatrons for- the years 187410 1876. 4° Madias,

1802. .
Madras Government.

TRANSACTIONS, PROCEEDINGS, btc,, OF SOCIETIES, SURVEYS, btc.

Adelaide.—Tmnsactions of the Royal Society gf South Australia. Vol XV, part I.

Adelaide, 1892.
,

The Society.

Auakt —Bulletin of the New Vork State Museum. Vol. I, Na 1. 8° Albany, 1892.

. The Museum,

-
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PART 4.]
Additions to the Library.

j- n t.
Donors.

TtiUs cf Books.

Albany.—Forty-fourth Annual Report of the Regents of the New York Slate Museum

for the year 1890. 8® Albany. 1892. The Museum.

Baltimore.—American Chemical Journal. Vol. XIII, Na 7, and XlV, No. i. 8

Baltimore, 1891-1892. ’ Johns Hopkins University.

American Journal of Mathematics. Vol. XIV, No. i. 4® Baltimore, 1891.

”
^

Johns Hopkins University.

American Journal of Philology. Vol. XII, Nos. 2-3. 8’ Baltimore,

** Johns Hopkins University.

lohns Hopkins University Circulars. Vol. XI, Nos. 98-100. 4® Balti-

more, 1892. Johns Hopkins University.

lohns Hookins University Studies in Historical and Political Science. 9th

”
' siies Nos. IX-X, and loth series. Nos. I-III. 8® Baltimore.

1891-1892
Johns Hopkins University.

Batavia -Notulen van het Bataviaasch Genootschap van Kunsten en Wetenschappen.
BATAVIA.

^ gg Batavia, 1892. Batavian Society.

• ' Tiidschrift voor Indische Taal-I.and-en Volkenkunde. Deel XXXVI,

All. I. 8° Batavia, 1892. Batavian Society.

Verhdhdlungen van het Bataviaasch Genootschap van kunsten en Weten-

” schappen. Deel XLVH. Stuck I. 8° Batavia, 1892.

Batavian Society.

Berlin.—Abhandlungen der Koniglich Preussischen Geologischen Landesanstalt. Neue

Folge,,heft. 5. 8° Berlin, 1892. The Institute.

Abhandlungen zur geologischen Specialkarte von Preussen und den Thurin-

gischen Staaten. Band IX, heft. 3 with Atlas, and Band X, heft. 3.

8® and 4' Berlin.J891.
The Institute.

Zeitschrift der Deutschen Geologischen Gesellschaft. Band XLIII, heft. 4,

and XLIV, heft. i. 8® Berlin, 1892. The Society.

Bombay. -Journal of the Bombay Natural History Society. Vol. VII, No. 1, and

Index to Vol. VI of 1891. 8® Bombay, 1892. The Society.

Bordeaux -Actes de la Socidtd Linnednne de Bordeaux. 6"* sdrie. Tome IV. 8®

Bordeaux, 189a.
The Society.

BRESLAU.-Jahres-Bericht der Schlesischen Gesellschaft fur Vaterlandische Cultur. No.

69, and supplement heft I. 8® Breslau, ’1892. The Society.

Bristol.—Proceedings of the Bristol Naturalists’ Society. I^ew Series, Vol. VII, part I.

With List of Officers and Council, Members, Associates* etc., etc. 8®

Bristol, 1892.
The Society.

Brussels.- Annales de la Spcidtd Romaic Malacologiquc de Belgique. 4'" sdrie. Tome

V. 8® Bruxelles, 189a. "
..

The Society...

Procds-verbal de la Socidtd Royale Malacblogique de Belgique. Tome
” XIX, pages. 89-116, and XX, pages 1-56. 8® Bruxelles, 1890-1891.

/ 1, ^
The Society.

• Bulletin de la Socidtd Royale*Belge de Gdographje. Annde XV, Nos. a, 3,

and 6, and XVI, No. i. JP Bruxelles, 1892. The Society.

ilMdTiat-baiteflts airf Index <rf the ^twenty volumes of the Memoirs of the Geo-

'Idgicw Survi^ sA Indi^ from 1859 to 1883. By W. Theobald. 8*

‘
,

?
, Calcutta, 1898. . Gbolooical Survey OP India.
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Calcutta*—Index to the Genera and Species described in the Palseontologia Indies up to

the year 1891. By W. Theobald. 4® Calcutta, 1892.

GeologicaIj Survey of India.

„ Epig^aphia Indies of the Archaeological Survey of India. Vol. II, part 10,

4° Calcutta, 1892. Government of 1 n.dia-

„ Survey of India Department Notes for June and July 1892. Fisc., Calcutta,*

j8g2. * Survey of India Department.

„ Journal of the Asiatic Society of Bengal. New Series^ Vol. LXI, part I,

No. II, and part II, No. II. 3° Calcutta, 1892. The Society.

„ Proceedings of the Asiatic Society of Bengal. Nos. 4-5. 8° Calcutta, 1892*

The Society.

Cambridge.—Twenty-sixth Annual Report of the Woodwardian Museum and Lecture

• Rooms Syndicate for 1891. 8® Cambridge, 1892. The Museum,

Cambridge, Bulletin of the Museum of Comparative Zoology. Vol. XXIII, Nos.

2-

3. 8° Cambridge, Mass., 1892. Ti^ Museum.

„ Memoirs of the Museum of Comparative Zoology. Vol. XIV, No.

2, and XVII, No. 2. 4° Cambridge, Mass., 18955. The Museum.

Cincinnati.—Journal of the Cincinnati Society of Natural History. Vol. XIV, Nos.

3-

4. 8° Cincinnati, 1892. The Society.

Colombo.—Journal of the Ceylon Branch of the Royal Asiatic Society. Vol. XII, No,

42. 8° Colombo, 1892. »

Copenhagen.—Memoirs de V Academic Royale des Sciences et des Letlres d Copen-

hague. s6rie. Tome VII, No. 5. 4® Kjobenhavn, 1891.

The Academy.

„ Oversight over det Kongelige Danske Videnskabemes Selskabs.

Nos. I and 3. 8® Kjobenhavn, 1892. The Academy.

Dehra Dun.—Synopsis of the Results of the Operations of the Great Trigfonometrical

Survey of India. Vol. XXVI. 4® Dehra Dun, 1892.

Great Trigonometrical Survex op India.

Dijon.— Memoires de I’Acad^mie des Sciences, Arts et Belles Lettres. 4"***s^rio,

Tome lU 8® Dijon, 1892. The Academy.

Dublin.

—

Royal Irish Academy. Cunningham Memoirs. No. 7. 4° Dublin, 1892.

The Academy.
• •

„ Proceedings of the Royal Irish Academy. 3rd Series, Vol II, No. 2.
8®*

Dublin, 1892.
^

The Academy.

„ Transactions of the Roykl Irish Academy. Vol. XXIX, parts 18-19, Dub-

, lin, 1892.* • ’ The Academy.

EDiNBtROH.— Proceedings of the Royal Physical Society for Session 1^1^9-80. 8®

Edinburgh, 1880.
j \ ,

„ Scottish Geographical Mbgaxine. Vol. VIII, Noe. 7-8. 8® Edinburgh,

1892.
^

, Scottish Geographical Society*.

% Transactions of the Royal Scottish Society of Arl$. Vol. XIII, part i.

8® Edinburgh, 1892. 1 The Society*



PART Additions to the Library,

Titles of Books, Donors,

Freiburg.—Berichte Uber die Verbandltingen der Gesellschaft fur Beforderung der

Natur— Wissenschaften zu Freiburg.

Band I , heft. 1-4 ( 1 855- 1 858 ).

„ II, „ 1-4(1859-1862).

„ III, „ 1-4(1863-1865).

• . • » IV, „ 1-4(1867).

« V, „ 1-4 (1868-1870). t

. VI, „ S-4 (1873 and 1876).

„ VII, „ 1-4 (1877, 1878 and i88o).

* „ VIII, „ 1-3 (1882, 1884 and 1885).

Band I, (1886).

„ II, heft. 1-4 (1887),

I „ III, ( 1888 j.

„ IV, heft. 1-5 (1888-1889).

„ V, „ 1-2 (1890-1891).

8° Freiburg, 1855-1891, The Society.

Glasgow.-* Glasgow University Calendar for 1892-93. 8° Glasgow, 1892.

» The University,

Gottingen.— Nachfichten von der Konigl. Gesellschaft der Wissenschaften. Nos. i-ii,

8° Gottingen, 1891. • The Society.

Hobart.— Papers and Proceedings of the Royal Society of Tasmania for 1801. 8°

Hobart, 1892. The Society.

Konigsberg.— Beitrage aaur Naturkunde Preussens herauFgegeben von der Physi-

kalisch-Okonomischen Gesellschaft zu Konigsberg, Nos. 6-7. 4®

Konigsberg, 1892. The Society.

„ Schriften der Physikalisch-Okonomischen Gesellschaft zu Konigsberg

Jahrg. 32 of 1891. 4° Konigsberg, 1892. The Society.

Lausanne.— Bulletin de la Societe Vaudoise des Sciences Naturelles. 3”* s^rie, Vol.

XXVIII, No 106. 8° Lausanne, 1892. The Society.

Leipzig.— Mittheilungen des Vereins fur Erdkundezu Leipzig, 1891. 8° Leipzig, 1892.

• The Society.

LifeGE.—Annales de la Societe G^ologique. Tome XIX, livr. 2. 8° Li^ge, 1891-1892.

The Society.

Lille.—Annales de la Socifete G6ologique du Nord. Tome XVII and XVIII. 8° Lille,

1892. * The Society.

L1.SBON.—CommissAo dos Trabalhos Geologipos de Portugal. Fauna Silurica de Portugal.

• Descrip^ao de Uma Forma Nova de Trilobite Lichas \UraIichas)

• Ribeiroi. Por J. F. N* Delgado. 4° Lisboa, 1892.

« The Commission.

London.—Journal of the Chemical Society. Nos. 355-357. 8® London^ 1892.

F. R. Mallet.
f Journal the Linnean Society of London. Zoology, Vol. XXIII, No. 148 to

Vol. XXIV, No. 151; and Botany, Vol. XXVI, No. 176, and Vol.

XXVUI/No. 194 to Vol. XKIX, No. aoi. 8° Lwidon, 1891-1892,

'
^ The Society,

List of Felbws of the Linneai%Society of London, 1891-92. 8® London* 1891,

t " Til E Society*
FfoeMtogs of the tlnnean Socbtfy of London. November 1888 to June 1890.

;
^ S'* LondoB, 189I0 * The Society.

/
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•

London.—Transactions of the Linnean Society of London, 2nd series. Botany, Vol. Ill,

parts 4-7. 4® London, 1891-1892. , The Society.

„ Journal of the Society of Arts. Vol. XL, Nos. 2064-2076. 8° London,

1892. The Society.

„ Proceedings of the Royal Geographical Society. New Series, Vol. XIV,
Nos. 2 a'jd 4-7. 8® London, 1892. The Society.

„ Proceedings of the Royal Institution of Great Britain. Vol. XIII, Part II,

No. 85. 8* London, 1892. , The Institution.

„ Proceedings of the Royal Society. Vol. L, No. 304 to Vol. Ll, No. 312. 8®

London, 1892. The Society.

„ Proceedings of the Zoological Society of London. Parts 1-2. 8® London
1892. The Society,

„ Quarterly Journal of the Geological Society. Vol. XLVIII, No. 191. 8“

London, 1892. The Society.*

„ Quarterly Journal of Microscopical Science. New Series, Vfjl. X'XXIII,
pari 4. 8® London, 1892.

Madrid.— Boletin de la Sociedad Geografica de Madrid. .Tome XXXII, Nos. 5-6. 8®

Madrid, 1892. " The Society.

Manchester.—Transactions of the Manchester Geological Society. Vol. XXI, parts

18-20. 8® Manchester, 1892. The Society.

Melbourne.—Annual Report of the Secretary for Mines, Victoria, for 1891. Fisc. Mel-
bourne, 1892. Mining Department, Victoria.

„ Transactions of the Royal Society of Victoria. Vol. II, part II. 4®

Melbourne, 1891. The Society.

Montreal.—Geological and Natural History Survey of Canada. Catalogue of Canadian
Plants. Part VI. By John Macoun. 8* Montreal, 1892.

Geological and Natural History Survey, Canada.

MoscoSjv,—Bulletin de la Soci6t6 Imperiale des Naturalistes. No. i. 8® Moscou, 1893.

, ^

The Society.

Newcastle-upon-Tyne—Transactions of the North of’ England Institiit^ of Mining
and Mechanical Engineers. Vol. XL, part 4, and XLI, parts 2-3,
8® Newcastle-upon-Tyne, 1892. The Institute.

Naples.—Rendiconto doll’ Accademia delle Scienze Fisiche e Matematiche. 2nd s^rifi,

Vol. VI, fasc. 1-6. ^ Napoli, 1892. The Academy.

Ottawa.— Geological and Natural History Survey of Canada. Contributions to Canat

,

dian Micro-Palaeontology, by D.r. D. Rust. Part IV. 8® Ottawa,
• 1892. Geological and Natuepil History Survey, Canada.

Oxford.—Catalogue of Brooks added to the Ra^^cliffe Library, Oxford University
• Museum, during 1891! 4® Oxford, 1892. The University.

Paris.—Annales des Mines. 9** s^rie, Tome I, livr. 1 bnd 3-5. 8® Paris, 189^

I ^
Dept, op Min^, Paris,

„ Annuaire G^ologique Universel® Revue de G^olo^e et Paleontologie. Tome
VIII, fasc. 1. 8® Paris, 189a. * The Editor,

*

„ Bulletin de la Soci4te de GiograpW^gs 7“* s4rie, Tome XIl, No. 4, aed XIII,
No. I. 8® Paris, 1893, . TmSooiety.

„ Coitiptes Rendus ^es Stances dl la Spci^t^ de -GSographie. Nos. 9-14.

;
Paris, X893 . • The Society

* • . • g,
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Paris.—Bulletin de la Soci^t6 Gdologique de France. 3“® s4rie, Tome XIX, No. 8,

ajid XX, No. 1. 8° Paris, 1891-1892. The Society,

Memoires de la Secidtd Gdologique de France. Tome II, fasc. 3. 4° Paris,

”
1891.

Society.

Paris and Bologna.— Congrds Gdologique International, ist and 2nd Sessions, 1878

and 1881. 8° Paris and Bologne, 1880 and 1882.

Philadelphia.—

J

ournal of tb2 Franklin Institute. Vol. CXXXIII, No. 6, and

CXXXIV, Nos. 1-2. 8° Philadelphia, i8(f2. The Institute.

' Proceedings of the "Xcademy of Natural Sciences. Part III (1891),

” and Part I (1892). 8° Philadelphia, 1891-1892. The Academy.

Proceedings of the American Philosophical Society. Vol. XXX. 8°

* Philadelphia, 1891. The Society.

Pisa —Atti della Societa Toscana di Scienze Naturali. Process! Verbal!. Yol. VIII,

pp. 49-84. 8° Pisa, 1892. The Society.

Richmond.—Catalogue of the University of Virginia for Session 1891-92, and Announce-
•'

ments for Sessions 1892-93. 8° Richmond, 1892. The University.

Rome.—Atti della Reale Ajccademia dei'i-incei. Sdrie V., Rondiconti, Vol. I^Semestre

I,*fasc. 9-12, and Semestre II, fasc. 1-3. 8® Roma, 1892.

The Academy.

„ Atti della Reale Accademia dei Lincei. Anno CCLXXXIX, 1892. Rendi-

conto delP adunanza Solenne del 5 Giugno 1892. 8® Roma, 1892.

• The Academy.

Salem, Mass.—Bulletin of the Essex Institute. Vol, XXIV, Nos. 1-3. 8® Salem,

Mass., 1892. The Institute.

S.AN Francisco.—Proceedings of the California Academy of Sciences. 2nd series, Vol.

Ill, 8® San Francisco, 1892. The Academy.

St. Petersburg.— Mdmoires de L* Academic Imp^riale des Sciences de St. Peters-

bourg. Tome XXXVIII, Nos. 7-8, and Tome XXIX. 4® St. Peters-

bourg, 1892. The Academy.

^ : Bulletins du Comitd Gdologique. Vol. X, Nos. 6-9, and XI. Nos.

1-4. 8® St. Petersbourg, 1892. The Commission.

Mdmoires du Comitd Gdologique. Vot. XIII, No. i. 4® St. Peters^

bourg, 1892. • The Commission.

^ Verhand lungen der Russisch-Kaiserlichen Mineralogischen Gesells*

• chaft zu St. Petersbourg. Series II, Band XXVIII. 8® St. Petersbourg,

1891. The Society,

Stuttgart.—Jahreshefte de? Vereins fur Vaterlandische Naturkunde in Wurttemberg.

Jahrg. XLVIl/!
.
8® Stuttgart, 1892. •

’

Sydney.—Annual Report of the Department of Mines and Agriculture, New South
/ Wales, for the year 1891. Fisc. Sydney, 189*2.

^
. f Department of Minies, New South Wales.

• •

Australian Museum, Sydney. Catalogue of the Marine Shells of Australia

and T^mania. Part IIJ Pteropoda. 8® Sydney, 1892.

f ’
! ' Che Museum.

* iijfnoc^ings of
,
the Linnean Society of New South Wales. 2nd series^

j / Vol. Vil, pan 4. 8^ Sydney, 1892. * The Society.
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Sydney.—Report of the Curator of the Technological Museum, New South Wales,

for'the year 1890. Fisc., Sydney, 1891. The Museum,

Toronto,—Annual Archssological Report and Canadian Institute. Session 1891, being

an appendix to the Report of the Minister of Education, Ontario, b®

Toronto, 1891. The Institute...

„ Transactions (jf the Canadian Institute. Vol. II, part 2. 8® Torodtoi 1891.

, The Institute.

Turin,-Atti della R. Accademia dclle Scienze di Torino. Vol. XXXVII, disp. 9-11.

8° Torino, 1892. The Acadeky.

Venice.—Memorie del Reale Istituto Vencto di Scienze, Lettere ed Arti. Vol. XXIII.

4° Venezia, 1890. The Institute.

Vienna.— Mineralogische und Petrographische Mittheilungen, von G. Tsohermak.

Band I, heft. 1—6.

11.

1-6.

III, „ 1-6.

IV, „ 1-6.

V, „ 1-6.

VI, „ 1-6.

VII, „ 1-6.

VIII, „ 1-6.

IX, „ 1-6.

X, .,
1-6.

XI, ,.
1-6.

XII, „ 1-5.

8® U'icn, 1878-1882, 1884-1889 and 1891.

„ Mittheilungen der Kais. Konigl. Geographischen Gesellschaft. Band I-V,

VII-X, XIII, XVIII-XXXII and XXXIV. 8® Wien, 1857-1861,

1863-1865, 1868, 1871, 1875-1889 and 1891, The Society.

Washington.—Bulletin of the United States Geological Survey. Nos. 62, 65 and

67-81. 8° Washington, 1890-1891. U. S. Geologial Survey.

„* Tenth Annual Report of the U. S. Geological Survey. Parts 1-2.. 8®

" Washington, 1890. U. S. GEOLOOjfck Survey.

Report of the Director of the Mint upon the production of the ptecioys

Metalsin the United Sutes during 1891. 8® Washington, '1892.

United States Mint.

Reports on Taxation and Production of Gold and Silver in the United

States, 1887. 8° Washington, 1889.

Revenue and ^ofacviTVKM Dbeartmbnt.

,
Bulletin o[ the United States National Museum. Nos. 41-42. 8®

• ’ WMhington, 1891.
*

' ' The Museum.

I,
Report of the United States National Museum under the dlfjMtion of

the Smithsonian Institute for the year ending 30th June 18J9. H Wash*

• Ington,i89i.
* The InstiWn.

• . Annual Report of the Board of Regents of the Smithsonian Institution

’ ”
• to July 1890. 8® Washing&4? 1891. The Institution.

WELi4KGTON.-Colonial Museum and Geological- Survey of New Zeala^ -ReiK^ of

Geological fixplorations during 1890-91 • WellingtoSTiSpio

* CoLONUis Musbum and Geologicai*Survey, New Zej^land.

• • 31
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W«t«.iKOTON.—Twenty^sixth Annual Report on the Colonial Museutn and Laboratory.
8° Wellington, 1892.

Colonial Museum and Geological Survey, New Zealand.

,, Transactions and Proceedings of the New Zealand Institute. Vol.

XXIV. 8® Wellington, 1892. The Institute.

YokoiiAMA.—Mitthdlungin d^r Deutschen Gesellschaft fur Natur und Volkerkunde

Ostasiens in Tokio. Band V, heft. 48-49. 4° Yokohama, 1892.

The Society.

Annual Report of the Yorkshire Philosophical Society for 1891. 8° York, 1892.

The Society.

ZtJrich.— Vierteljahrschrift der Naturforschenden Gesellschaft in Zurich. Jahrg.

( XXXVII, heft. 1. 8° Zurich, 1892. The Society.

18 P.O. 889.












